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P A R T I. 
Experimental studies. 
(1) General Survey andplan for Investigation. 
lo 
General Survey and plan for Investigation. 
Infantile Cirrhosis. 
synonyms. Infantile biliary cirrhosis, infantile 
liver, Brahmin Liver, Subacute toxic cirrhosis of ih-- 
fants. 
The disease was first brought to the attention 
of the medical world by Sen in the year 1882 in a 
paper read at the Calcutta Medical Society. He de- 
scribed the disease as a peculiar enlargement of the 
liver which he had observed ire_ infants in Calcutta 
since 1881 ; but which was not prevalent in Central 
and Northwest Provinces. In 1888 Gibbons read be- 
fore the same society a paper on the pathological ana- 
tomy of the liver óf a child who had died of the 
malady. Since then the disease has been the subject 
of much discussion among medical men in Calcutta, 
Madras, and other parts of India. 
The gravity of the problem that confronts us 
can be well imagined when we take into account the high 
rate of infant mortality due to this disease. Accord- 
ing to the Calcutta Health Officer's report, in that 
city alone more than 700 infants die of it in one 
year. The high incidence of this disease chiefly 
among the upper and middle class Hindu families, and 
its irrevocably fatal termination in spite of well 
tried remedies has infused in the lay public a dread 
of the disease. 
 
c. 
Investigations on the various aspects of the 
affection have been extensive; but scope for farther 
work is by no means exhausted. 
Attempts have been made by Ghose J. h. (1894) 
Sirca:r N. R. (1894) E. Mackenzie (1894) Sing (1911) 
Green Arrnytage (1926) Vaidyanath Iyer (1926) Krishna 
Iyer (1927) Mukherji (1927) Pandalai (1934) and 
others to arrive at a conclusion regarding the etio- 
logy of the disease from a clinical study of the case 
at the same time focussing some attention on the nu- 
tritional aspect. 
Gibbons (1888) Ramachandra Rao (1929) and 
Radhakrishna Rao (1935 -36) have sought for the cause 
from a study of the histopathology of the liver. 
The role played by parasites, bacteria, and 
protozoa in the causation of the disease has been in- 
vestigated to some extent and upheld as the probable 
etiological factor by a few observers) namely Pearse 
T. F. (1909 -1910) Chandra Lahiri (1936) Castellani 
and Chalmers as well as by Manson -Bahr. 
Mukherji (1927) was the first to investigate 
the epidemiology of the disease with a view to arriv- 
ing at the etiology. Recently Narayanamurit and 
Tirumurti (1938) Ramachandra Rao and Srinivesa Rao 
(1939) have continued their investigations on similar 
lines; but their findings have not been published as 
yet. 
o far with the sole exception of the work. of 
hazek approach has not been made to solve the problem 
of etiology fro rá the experimental research. 
The literature pertaining to the study of 
the subject is voluminous and the statements some - 
times contradictory end confusing; but on the most 
essential points they are unanimous. 
The present experimental investigations are 
based on the few important, relevant, and authentic 
facts gleaned from the medley .of information dealing 
with the various aspects of the disease. scrutiny 
of the accompanying table will help one to appreciate 
the value of this maile of access to the problem. 
,.cope of the investigations. 
The following considerations present them- 
selves as facts of fundamental importance for studying 
experimentally the etiology of infantile cirrhosis as 
observed in India. 
ti Familial incidence of the disease. 
successive children born to the same mother 
succumb to it one after the other. This is a 
feature which suggests an antinatal cause 
acting through the mother. Experierrntal study 
on the possibility of placental permeability 
to cirrhogenic toxins, and the effect of such 
toxins on the foetus. 
B. The relation between the occurrence of infantile 
cirrhosis and breast feedings 
taking into consideration the common vogue of 
breast feeding in India. Experimental study 
4. 
on the effect of cirrhogenic toxin adminis- 
tered to the mother, on the liver of the 
suckling. 
(J. The factors that favour the occurrarice of the 
disease. 
Diet chiefly of polished rice to the exclu- 
sion of animal proteins and purine bases in 
any form. 
(1) Its peculiar geographical distribu- 
tion. 
The disease is found mainly in the rice growing dis- 
tricts in India. 
(2) Ethnological and social consideration. 
It is found chiefly in the families of the upper and 
middle class Hindus, particularly in the Brahmin 
comrinnity. Their staple diet is polished rice. 
(3) Dietetic habits of the people. 
In_ south India it affects almost exclusively chil- 
dren whose parents are vegetarians and do not take 
egg, meat or fish. 
Experimental production of liver damage in 
sucklings whose parent is fed on polished rice and 
vitaminsand is subjected as well xx to the action of 
cirrhogenic toxin. 
D. The factors that oppsse the development of the 
Disease. 
Diet of Cereals other than rise, or a diet of 
polished rice with animal proteins. 
(1) Absence of the disease in districts 
where there is only dry cultivation i.e. 
cultivation of wheat and millets. 
5 
(2) The immunity from the disease enjoyed 
by the poor class whose staple diet is 
the cheaper millets and parboiled un- 
polished rice. 
(3) Dietetic habits. Mohammedans, Europ- 
eans r;ngloindians and Indian christians 
who take a mixed diet of meat and rice 
are less susceptible to this disease. 
Experimental determination of immunity from 
liver damage in suc:_lings whose parent is fed on 
polished rice vitamins and nucleic acid, and is 
subjected as well to the action of cirrhogenic toxin. 
5s 
(2) The immunity from the disease enjoyed 
by the poor class whose staple diet is 
the cheaper millets and parboiled un- 
polished rice. 
(3) Dietetic habits. Mohammedans, Europ- 
eans Angloindians and Indian christians 
who take a mixed diet of meat and rice 
are less susceptible to this disease. 
Experimental determination of immunity from 
liver damage in suclings whose parent is fed on 
polished rice vitamins and nucleic acid, and is 
subjected aJ well to the action of cirrhogenic toxin. 
6. 
Tables showing data relating to "infantile 
cirr_hosia" 
according to different authors. 




Author. Districts where the 





Calcutta and other parts 
of Lower Bengal. 
3rd Month till end of 







"Among those of the well to 
classes of Hindus and Mohamme- 
dansI have never seen a case 





feed their children awiths 
animal broth.The Hindu_ ' 
Mother always nourished her 
children from her own breast. 
In those families where the 
disease prevailed I noticed 
a few children excape appar- 
ently from being nourished 
by healthy wet nurses. 
There are good grounds 
believing that the disease 
is brought about by irrita- 
tion produced by products 
of faulty digestion and 




Calcutta and other parts 
of Lower Bengal. 
- 
Under i year seldom 
after 3 years.Duration 
3 -9 months. 
Mohammedans and Eurasians suffer 





a few days after bir h 
and successive death of 
a number of children in 
the same family. 
(2)Suckling the child w. en 
pregnant. 
(3)Ìrregular and over feding. 
95% before 2nd year, 
is-completed 
I have on record three 
ladies.In one of whom all 
the children who were fed on 
breast milk died of the 
disease whereas in the other 
two though the children who 
were fed on breast milk 
died of enlarged liver, the 
younger ones who were put 
on artificial diet have 
grown up healthy. 
(1) and mi 
(2)Climatic condition. 
k. 
Health Officers report was quoted. 
Hindus. Mohanmedars. 
1891 486 21 
1892 546 30 
1893 584 29 
1894 
1894 Peers D im;mock He has seen a 
few cases in 
Bombay where it does not 
to be so prevalent as in 
Calcutta.The disease doubtless 
occurred all over India but 
some localities were affected 













Districts where the 












Canara. S.. "i . Coast of 
Bombay presidency 20 
cases per year. 
Calcutta and districts 
of Beng al.no.400. 
Calcutta and probably 
other parts of India. 
Calcutta. 
Bengal and Madras. 
Bengal 
From birth up to 
3 or 4 years. 
Under 1 year 
seldom above 3 
years. 
Social Status. Dietetic Habits. 
"The disease has been confined 
to Brahmin children or in those 
approaching in habit and made of 
living to the Brahmins, but wn 
it should be peculiar to them s 
not clear. A single instance was 




6 months to 
2-years. 
Children of wealthy and middle 
class Muhamadans and Eurasions 
suffer less than Hindus. 
In 1907 (Hindus ..502 
) Mohamedans ..134 
=Lich as well as poor. 
Brahmin women in child 
bed adopt a diet which 
may conduce to the disease 
in the new born infant in 
whom it has been seen.They 
restrict themselves to the 
use of a strong decoction 
of black pepper to allay 
thirst, abstaining from 
liquid of any other kind 
and as food use balls made 
up of boiled rice, ghee 
and coarse sugar. 
-In those families where 
the disease prevailed I 
noticeda few children 
escape apparently being 
nourished by healthy wet 
nurses. 
I have on my record three 
ladies of one of whom all 
the children fed upon 
breast milk died of en- 
larged liver ;where as in 
the two others though the 
elder children fed upon 
breast milk died of the 
same disease.The younger 
ones who were put upon ar- 
tificial food soon after 
wirtle grown up - ttlit trubm 
In 1908 Deaths due to this disease 
727 
Hindus ..596 
Moha ídans ..124 
Others. .. 7 
It is difficult to ascribe 
the disease to errors of 
diet. 
' Etiology according to 
the Author. 
It is possible the 
pepper acting through 
the mothers milk may 
cause irritation of the 
liver. 
The habit of suckling 
their children when 
pregnant. Predispositio 
I put forward the view 
the disease was due to 
Improper food and fault 
digestion. 
A proper selection of 
articles of diet would 
prevent the disease in 
many cases and would 
arrest it in others. 
We can most reasonably 
donclude that it is a 
parasitic disease. 









Districts where the disease 
is observed. Incidence. 
Social Status. Dietetic Habits. Etiology According to the Author. 
1910 Castellani 
& Chalmers 
Calcutta and other parts 
Under 1 year. of India. Hindu, and Moha_r7edan. Possibly it is identical with the 
infantile splenic anaemia caused 
by L. Infantem. 
1911 Singh.B. Bengal and United Provinces. G months to 2 yrs. Hindu families. 
Hindu and Mohammedan children. 
Three of the cases were 
on Mothers milk and fourth 
on cows milk. 
Some connection with dietery. 
1919 Castellani 
a Chalmers 
Calcutta and other parts 
of India. 
Unç.er 1 year. 
Duration 3 -8 mths. 
Requires reinvestigation with 
view to deciding whether it 
is a variety of KALA -AZAR. 
a 
also 
1922 Byamal. & 
Archibald 
Calcutta and other parts of. 
India. 
Infants three to 
eight months 
duration. 
The condition appears to differ 
from portal cirrhosis in its 
much more rapid course. 
1923 De Costa 
R.F.W. 13 months Well to do Hindu family. 
1926 Vaidyanath 
Iyer.A.S. y 
Tellicherry (1;;est Coast). 
i 
under 6 mths.l. 
6 -12 mths. 25. 
1 -2 yrs. 19. 
2 -3 " 13. 







among both veg- 
and non-vegetar- 
fans. 
Faulty digestion.The early use of 
starchy food is a causative factor. 
The ac.-ition of alittle rice food 
to the diet agravates the symptoms 
where as with holding it fot a few 
days brings improvement. 
1926 Green 
b e 
Between 5 months 
and 31 years. 







)If the mother feeds in- 
orrectly before the firth 
f the child she may' dis- 
ose the child to develop 
disease.If the Mothers 
is deficient in vit- 
the quality of her 
secretion suffers. 
)Auto intdcations in the 
fother. 
Improperly fed and over - 
1927 Krishna 
Iyer.M.A. 
Tamil districts and eastern 
districts of South India. 
Brahmins High case Hindus and 
Mohammedans. 
ed children. 
.ryfo of cows fed on 
y fodder 
Early administration of starch 
and fatty food. The use of 










Listricts where the disease 
is observed. 
Dietetic habits. 
The disease is especially 
apt to occur in grossly 
over fed and pampered 
children. 







siaencya.i.à the United Provinces. 
Children under 1 yr. 
As a rule about the 
7th or Sth.mth.Dura- 
tion 3-8mths.Rarely Y 
within a few days of 
birth. 
The children of the well to do a 
more fre.uently affected than those 
of the poor.It is found to be more 
prevalent in Hindu than Mohammedan P 
children.In Calcutta 1891 -1893 ih- 
clusive - it caused 1,746 deathsr 
Hindus - 1616 Mohammedans - 80. 
Eurasians and others - 52. 
e Posibily a proportion of capes 
are infantile Kala- Azar.A co i- 
plete change of wet nurse ana 
food ma- have a beneficial effect. 
When ever possible t.e latest 
baby in the family in which òev- 
eral cases of this disease h.ve 
already occured should immed;- 
iately be removed from the other 
and artifically nursed. 
1927 I.ukherji Bengal, Calcutta. and various 
districts Maaras.Arcot.Salem. 
Tricrüno of .ila.dura.amnad. P Y 
Tanjore, Pudukota. Mysore. 
Rarely from U.P. or Bombay. 
6 months to 2 yrs. Bengal.Hindus - 240 P slims- 51 
Christian- 1 
Madras.Tamils - 76 
Telugu - 5 g 
Malayale - 1 
Rare amore' christians and angle- 
Indians. 
Bengal.The charactersi- 








of rice milled. 
Very few vegetables or 
fruits. 
Madras.Principle food 
rice .Brahmins and High 




It occurs expecially in, but 
not confined to Calcutta. 
You children. Attacks chiefly Hindus. 
Brahmin families. 
It has been thought to äepen¡ 
on irritating bodies in food 
especially as the nursing Mo 
restrict themselves to a dry 






Pudukkotah State. Quick succession of Pregnancies. 
1931 Bhattacharj] 
S.P. 
Very large number of cases in 
Bengal also in Madras. 
In a number of cases in which 
the exact dieteries 
were studied in detail 
°ff 
1931 Nandi. P. 
i&rae 8i8iier8f róiiiE 




sore I State. 9. -15 month. Out of sixty case., 90$ were amo 
Brahmins of the lower° , and middle 
class. 
Health of the Mother under- 





Author. Districts where the 
Disease is observed. 
Age 
Incidence. 
1931 Co tho skar All over India. 
1931 T.Bhaskara 
I:,e no n 
Calcutta,BQmbay, 
Madras. 




ancore & Mysore 
Cities and Towns 
than villages. 
6 month s 
2 years. 
6 months 




Social Status. Dietetic 
Habits. 
Etiology acording to the 
Author. 
Christian women are 
more healthy & I have 
never seen a case of 
Infantile Biliary Cir- 
rhosis among their 
c ai ren. 
1)Boiling the milk & re- 
moving the cream. 
2)Normal protein but def- 
icient sugar count of milk. 
Brahmin children. l)Antinatal cause acting 
slowly after birth. 
2) Toxin excreted through 
milk. 
3)Microbic origin. 
4)An umbilical vein. cirrhosis. 
Tp.e children of rich 
& middle classes.The 
disease is common 
a ong Hindus,les.s 
a ong Mohammedans & 
rare among Anglo- 
Indians. 
1)Vitamin deficiency oper- 
ating through mother. 
2)Over worked and exhausted 
liver. 
3)Early administration of 
starchy food. 
4)Toxins from mothers liiik 
or from intestines. 
5)Congenitally insuffi- 
cient liver. 
















He considered that the 
valence of the disease 
vegetarian families is 
to early administratio 
starchy food, and prob 
due to an increased am 
of sugar inthe breast 













Districts where the disease 
is observed. 







Eastern plains of Madras pre- 
sidency lower Bengal/U.P. and 
:';est Coast. 
G mont =as to 3 years. 
1938 M.V .Rad- 
hakrishn.an 
Rao. 
India chiefly.Reported from 
Mexico and fro China. 
J 






It is not found in the whole of 
India but is concentrated in Bengal 
in the surroundings of Madras. 
South India and round about 
Vizagapatam. 
Commences between 6th & 
8th . mths. of infancy 
rarely after the 12th 
rnth.and the children die 
almost always after an 
illness of 4 to 8 months. 
The disease attacks mostly 
children of the middle class 
Hindus.Rich Brahmins & rarely 
the families of poor Hindus 
more rarely still among th 
Mohammedan and never the A 1 
Indians or Europeans. 
Our experience in the circars 
shows that the disease is com- 
monly seen in the Hindus esp. 
the Brahmins and vaishnavites 
of the middle and rich classes. 
During the last 2 yrs.no case 
of this disease was seen by us 
in European,Anglo- Indian chris: 
or Mohamms :families . In the 






3) Subacute toxic 
infection. 
The disease is due to the 
action of a toxin on the liver 
(a toxin contained in the diet 
& indigenous to India)which 
circulates in the maternal 
blood In intra uterine life, 
&3continued to be given to the 
child after birth. 
Subacute infection espe- 
cially by B.Coli or strepto- 
cocci in an already devitáliz- 
ed &over taxed liver. 
Quoting Radhakrishna Rao -: The ingestion of spices 
'The Brahmin in the neigh- during pregnancy and 
bourhood of CALCUTTA,VIZAGAPATAi lactation can injure tlze 
and round about MADRAS are liver of the foetuses as 
in the habit of feeding well as that of the Infant. 
- their children with rice as 
early as possible: 
Quoting Forsyth) -: 
'That it is due to early 
administration of spices'. 
PART I. 
EXPERIMMIENTAL STUDIES. 
(2) ¡yxperimgntal study on placental permeabili, y 
to cirrhoPer_ic toxins. 
12. 
Liver damLge in the footus due to en antinatal 
cause actingz throuh the mother. 
Review of literature on the familial incidence of in- 
funtile cirrhosis, and on the antinatal factors in its 
et- olo`y. 
Cirrhosis of the liver in infants whether it be 
the infantile cirrhosis so common in India or the 
rarer cases seen in Europe and Amercia deserves spec- 
ial consideration in virtue of its tendency to affect 
children of the same mother. This peculiarity has 
been noted by most observers. It was Sen (1882) who 
first suggested "Some constitutional predisposition o 
dyscrasia inherited by the children which under any 
the least exciting causes gives rise to this disease. 
J. Y. Ghose (1894) noted that the children of some 
parents were particularly liable to the disease and has 
recorded a case where 14 children of the same mother 
had succumbed to it. Y,ackenzie (1894) attaches great 
importance to the fact that "Brahmin women during pre - 
gnancy adopt a diet which may conduce to the disease 
in the new born infant." Nil Ratan Sircar (1896) 
quotes the occurrence of the disease in successive 
children of three women. Green Armytage (1926) con- 
sidered deficiency of vitamins in in the diet of the 
mother depressing the endocrine system of the foetus 
as one of the causes. Bhaskara henon states that 
the striking feature of the disease is a tendency to 
affect children of the same mother and suggests an 
antinatal cause. Sankara Iyer (1931) from a survey 
13. J 
of 60 cases of infantile cirrhosis considers that the 
health of the mother which is undermined by rapidly 
following 'pregnancies as the cause of the disease. 
Tirumurti and Radhakrishna Rao (1934) report several 
cases in which children of the same mother had died 
of the disease. They advocate a thorough examination 
of the mother of the child. Pandalai (1934) suggests 
a congenitally insufficient liver with inadequate defence 
powers. Phillepe ReT,ek is of opinion that the in- 
gestion of species during pregnancy and lactation can 
injure the liver of the foetuses as well as that of 
the infant. 
Experimental study an plancental permeability to 
cirrhogenic toxins. 
Introduction. How far various substances in the 
maternal organism may affect the foetus in utero has 
been a matter for discussion for years,and it contin- 
ues to be so still. The consensus of opinion ap- 
pears to favour the physical process of diffusion ac-. 
cording to which the plasma on either side of the per- 
meable membrane should contain the same amount of all 
soluble substances. The transference of the soluble 
substances takes place through the vascular chorion - 
ic villi of the foetus which are bathed in_ the mater- 
nal blood in the chorio- decidual or intervillous 
spaces. Cunningham R. (1922) concludes from his 
experiment that the chorionic villi exert a specific 
regulating mechanism. But this specific secretory 
14. 
theory is denied by most observers. Yoshitaka 
Shimidza (1922) from his experiments on the permeab- 
ility of the placenta of albino rat and white mouse 
to various dyes inferred that lipoid soluble dyes 
regardless of their acid or basic characters general -r 
ly pass the placenta and that the placenta acted as 
an ultra filter to the various dyes. A similar 
view is held by 'fjislocki (1931) E. D. Plass (1912) 
Britton (1930) and Helen Bourquin. 
Of the many chemicals which permeate through 
the placenta and act injuriously on the foetuses lead 
occupies a place of pre -eminence by reason of its exd 
tënsive use in industries. Weil Halle, A. Abaza 
and Meunier (1939) report a case of renal dwarfis 
due to lead intoxication during pregnancy. cJpeert 
(1940) in his experiments on the transmission of 
sulphanilamide through the placenta, and its ef- 
fects on the foetus and new born, found the same sul 
phanilamide content in the serum of the mother and 
the foetus. 
The following experiments were conducted in 
order to find out 
1. If a cirrhogenic parenchymal toxin such as carb,n 
tetrachloride or a firrhogenic mesenchymal 
toxin such as the alkaloid senecionine can diffuse 
through the placental barrier. 
2. Whether the epithelium of the chorionic villi 
has a specific regulating mechanism in the trans- 
mission of dissolved substances to the foetus. 
lj. 
3. . In case such a mechanism does exist whether the 
cirrhogenic toxins in their passage through the pla.% 
centa could destroy the mechanism in such a way as 
to allow the passage of colloidal dyes which nor - 
mally do not pass through the placenta. 
4. The effect of toxic doses of carbon -tetra 
chloride and senicionine on the pregnant rat and on 
the foetuses. 
Animals used for the experiments. 
For all these experiments the albino ra 
was the animal of choice. Many consideration had 
be entered into in the choice of this animal; the 
foremost being that these animals are prolific bree 
era, breeding at the rate of four litters in one 
year. They are easy to procure and can be handled 
dexterously with a. little experience. Rats are of 
immense value especially in experiments dealing 
with dietetic factors, as they are omnivorous. It 
has been expressed by Ophuls (1910) Findlay(1924) 
and others that it is hazardous to evaluate experi 
mental cirrhosis in rabbits since the majority of 
them suffer from coccidosis with varying degrees of 
chronic hepatitis. As for guineapigstheir period 
of gestation is rather long (70 days) , and the 
animals do not withstand carbontetra chloride toxae 
mia well 
3ectangular cages of galvanized iron with 
wire netting infront, and with a sliding lid were 
16. 
used to house the rats. Two females and one male rat 
were allowed for each cage, and vaginal examination 
was carried out with a flexible wire loop every morn 
ing. The presence of the seminal plug within the 
vagina was taken as evidence of copulation, and the 
period of gestation was calculated from the date 
when the vaginal plug was seen. The normal period 
of gestation is 22 days but as it takes 12 to 24 hou s 
for the plug to disappear from the vagina,a rat may 
litter one day earlier than the calculated period. 
In most cases on the 12th or 13th day of gestation a 
trace of blood appears in the vagina (Placental sign 
The females were isolated in separate cases as soon 
as copulation had taken place, and enough hay was 
left in the cages for the animals to make their 
nests. 
The animals were fed daily on oats and dog 
biscuits soaked in diluted milk, together with cod 
liver oil, marmite and cabbage twice a week. 
Cirrhogeni.c toxins used. In all the follow- 
ing experiments carbon tetra chloride and the alka- 
loid senecionine were used as the toxic agents to 
produce liver damage in the experimental animals. 
Carbon- tetra -chloride has been studied as a 
cirrhogenic toxin by numerous observers, and a re- 
view of the literature on liver damage due to this 
agent is given in the thesis on "carbon- tetra- chlori 
in relation to liver regeneration" by Cameron and 
:arunaratne (1936). It is especially suited for 
e 
17. 
work on rats as it very rarely produces any necrosis 
at the site of injection if it is given subcutaneously 
in between the shoulder blades. In the experimental 
animals especially in dogs and rabbits it was found 
to produce central necrosis of the liver parenchyma 
followed by marked central fibrosis (Gardner, George 
r., et al. 1925), a type of cirrhosis classified as 
toxic cirrhosis by Mallory (1911) . Carbon tetra 
chloride has also been observed to produce toxic cirr- 
hosis in man (Poindexter and Greene, x.934) a condition 
some what analogous to "infantile cirrhosis" of India. 
aenecionine. It has been known for some time that cirr- 
hosis the liver was produced in cattle after they 
had been fed on fodder contaminated with common rag - 
wort or senecio jacoboea. Such cases have been re- 
ported from New Zealand, Nova Scotia, South Africa, 
as well as from England. Eleven cases of cirrhosis 
have been reported by Willmot and Robertson (1920), 
the majority of which occurred in children as a result 
of accidental ingestion of the seeds from this plant 
along with wheat. The liver damage in these cases 
was said to be due to the presence of an alkaloid in 
the plant. Different alkaloids have been extracted 
from various plants, belonging to this genus. The 
toxicity of the alkaloid has been demonstrated by 
feeding experiments on cattle and on laboratory ani- 
mals. As regards the action of the toxin it was ex- 
pressed by Watt and Brandwijk (1G32) that the 
18. 
parenchymal cells of the liver were first affected, 
and that the vascular lesion was secondary to the 
parenchymal degeneration. Later experiments by 
Davidson disproves this theory as he observed that 
the primary change occurred in the branches of the 
hepatic vein which resulted in their rupture. 
Material and Methods of Study. 
Eleven pregnant rats were used for these ex- 
periments, three of Which were kept as controls. 
Pure undiluted carbon- tetra -chloride, and senecio- 
nine in a one per cent solution in distilled water 
acidified with acetic acid were used as the cirrho- 
genic toxins. The alkaloid senecionine was kindl 
supplied by Dr J. J. Blackie. A solution containin 
one gramme of trypan blue and one gramme of orange G. 
in 100 c.c. of distilled water was used to test the 
camage to the placenta; but tests on control ani- 
inals proved the valuelessness of orange G. for 
this purpose, and its use was dispensed with in the 
later experiments. For injections of carbon- tetra- 
chloride andsenecionine,tuùerculin syringe fitted 
with a Lo. 16 needle was used. The tissues were 
fixed in 10% formol saline. Unstained frozen sec- 
tions were studied to find the distribution of the 
dye in the tissues. Sections of tissues embedded i 
paraffin and stained with Meyer's acid alum haemato 
lin were used to study the damage to the liver of 
the foetus and that of the mother. 
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the foetuses, were examined macroscopically and micro- 
scopically. It was observed that the foetuses were all 
viable, and there was no evidence of death in utero. 
Results. 
In control animals. 
Effect on the mothers. similar changes were seen 
in the tissues of the two animals. The whole body in- 
cluding the sclera was stained light blue. tis for 
the organs the liver had taken the deepest hue of 
blue and the spleen was of a lighter blue colour. 
The cortex of the kidney was tinted deep with the dy 
but the medulla was of norfial colour. The mucous nie 
brane of the stomach and intestine was intensely blu_; 
so also was the inteStinal content. The bulk of the 
stomach content was free from stain, but =outer lay 
er to a depth of about 2 m.m. was stained light blue. 
`ihe) excretion of the dye was obviously taking place 
though the mucous membrane of the alimentary tract. 
The urine in the bladder was deep orange in colour; 
but this tint could not be made out either in the skin 
or in the organs in the presence of the dominant col- 
our of trypazi blue. 
Microscopically unstained frozen sections from the 
different organs showed the concentration of the dye 
in certain cells only. In_ the liver the histiocytes in 
the portal tract and the Kupffer cells of the sinusoi¡s 
were stained blue. In a section of the kidney the 
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colour was seen to be confined to the cortex in the 
epithelial cells of the convoluted tubules; but it 
was not being excreted through the urine Littoral 
cells and the pulp syncytium of the spleen were also 
tinted with blue. 
The foetuses were decidedly not stained with trypan 
blue. Orange G. is reputed to pass easily through 
the placenta; but the stain, if there was any, was 
too faint to be made out by naked eye examination. 
Placenta. The material portion of the placenta con- 
posed of the decidual cells and the foetal portion 
limited to the chorionic epithelium as well as the 
foetal membranes were stained blue with the dye. 
In the experimental animals (see coloured plate) 
In the mothers the distribution of the dye in the 
various organs was similar to that obtained in the 
control animals. In audition, changes in the livers 
due to the injection of the two toxins were also 
noted. The liver of the animals which had carbon - 
tetra- chloride appeared slightly swollen, with an ex- 
aggeration of the lobular pattern. Surface was pale 
yellow in colour, mottled with red. The organ was 
soft and easily friable. 
Microscopically necrosis of the liver cells affecting 
a third to half the lobule about its centre was ob- 
served. The cells in this region took a homogenous 
salmon pink stain with ItIverca s haemalum eosin, and sec - 
I 
tions stained with Sudan III. showed numerous droplets 
of fat. The nuclei of these cells had either dis- 
Fig. I. The animal had received 0.3 c.c. of Carbon- 
tetra-chloride on the 18th day and 10 c.c. 
of 1ió Trypan blue on the 19th day of ges- 
tation respectively. It was sacrificed 
on the 20th day of gestation. All the tis- 
sues of the animal were stained blue. The 
maternal portion of the placenta as well 
as the foetal membranes were stained blue. 
But the foetus and foetal half of the placenta 
were not stained. (See coloured plate) . 
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appeared or were undergoing karyorrhexis and lysis. 
The Kupffer cells and endothelial cells were compar- 
atively little affected, and there was an apparent inr 
crease in the number of these cells. Frequently 
around the area of necrosis was seen a single layer of 
liver cells ballooned out to an enormous size with 
central pyknotic nuclei but no stainable cytoplasm, 
a condition often referred to as hydropic degeneration. 
The cells surrounding the portal tract were well 
stained, and the structures in the sheath were normal. 
With senecionine toxaemia the naked eye and micro- 
scopic changes observed in the liver were slightly 
different. The organ appeared swollen, congested and 
haemorrhagic. Microscopically central necrosis of 
the parenchyma, and haemorrhagic exudation in the 
necrosed area were the obvious features. The central 
veins had ruptured in many of the lobules, and they 
together with the distended sinusoids contributed to 
make up the picture described by Davidson and others 
as "lagoons of blood". The necrosed cells in the cen- 
tre of the lobule did not stain well either with the 
haematoxylin or with eosin. The disintegrating 
nuclei and the homogenous cytoplas¢2could be faintly 
identified. There was moderate proliferation of 
endothelial cells, and infiltration with polymorphs 
and lymphocytes in the necrotic area. The cells in 
the peripheral zone around the portal tract and the 
structures in the tract were unaffected. 
The foetuses as in the control animals were not 
stained with the dye; but microscopically the livers 
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of the foetuses whose mother had carbon- tetra- chloride 
showed the following changes. The parenchymal cells 
were much swollen, and the cytoplasm vacuolated to 
such an extent that very little of it except the cell 
outline, and a narrow margin around the nucleus was 
actually stained. The nuclei had disappeared from 
many of the cells, and of those which were still left 
a large number appeared distorted and poorly stained. 
The distribution of the haemopoetic cells was normal, 
and the cells themselves were healthy and well 
The sinusoids were moderately open and contained red 
cells. The hepatic and portal vessels were distended 
The microscopical appearance of the liver of 
the foetus whose parent had senecinonine was slight- 
ly different. There was a moderate depletion of the 
mesenchymal or the haemopoetic cells.. As compared 
with the normal foetal liver these cells were scarce. 
The cytoplasm of the parenchymal cells was vacuolated 
and the cells were swollen. Many of the nuclei had 
disappeared, leaving only the bare outline of the 
cells. But those which were present took the normal 
nuclar skin. The blood vessels and sinusoids were 
markedly distended with blood. 
Permeability of the ipl.acenta. to toxins from the 
foetus to the mother. 
Control. One albino rat, 18th. day of gestation. 
The abdomen was opened under ether anaesthesia. The 
left corm.: of the uterus was exposed and drawn out oft 
the opening. The head, neck and limbs of the foetuses 
could be identified through the translucent uteri_ier: all. 
One of them was gripped gently between the forefinger 
and thumb of the left hand and by means of a tuberculin 
syringe fitted with No. lú nee le 0.25 of a l solution 
of trypan blue was injected into it subcutaneously be- 
tween the shoulder blades, the needle being passed at 
an obtuse angle through the uterine wall. There was 
no escape of amniotic fluid through the needle track. 
A second foetus was injected in a similar manner in- 
txetro with the dye. The uterus was replaced into the 
abdomen, and the wound was closed with interrupted 
sutures. The animal was allowed to litter and then 
sacrificed. 
Experiments: Four experiments were performed ; two 
with carbontït'ieo.chloride and trypan blue) and two with 
senecionine and trypan blue. 
1. Albino rat, 19 days pregnant. Abdomen was 
opened under ether anaesthesia, and the right cornu 
of the uterus was drawn out of the opening. Three 
foetuses were injected each with 0.1 c.c. of trypan 
blue and 0.1 c.c. of carbon- tetra -chloride in a 
single dose. 'Three more foetuses from the left 
cornu were similarly injected. The uterus was re- 
placed,and the abdominal wound closed with sutures. 
2. Albino rat 19 days pregnant. Five of the foetu- 
ses were injected each with 0.075 c.c. of carbon - 
tetra- chloride and 0.075 c.c. of trypan blue solu- 
tion. Abdominal wound was closed. 
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3. Albino rat 19 days pregnant. Five of the fde- 
tuses were injected each with 0.15 c.c. of senecio- 
nine and 0.05 c.c. of trypan blue. The animal died 
on the second day. 
4. Albino rat 19 days pregnant. Four of the 
foetuses were injected with 0.125 c.c. of senecio- 
nine and 0.125 c.c. of trypan blue. The parent rat 
was killed on the second day. 
Result. 
The control animal littered on the second day. Litter 
of nine, of which two were stained intensely blue, 
and the rest were of normal colour. All the young as 
well as the mother were healthy. There was no sugges- 
tion of the dye having passed froi:: the foetus to the 
mother. The mother, the two young ones which were in- 
jected and two uninjected ones U ire sacrificed on the 
same days. Naked eye and microscopic examination of 
the tissues of the various organs of the mother failed 
to reveal the presence of trypan blue. There was no 
stain in the tissues of the uninjected foetuses) where- 
as in the two foetuses which were injected with dye 
all the organs as well as the skin were stained blue. 
Result in Experiments. 
Experiment I. The rat died the day after the opera- 
tion. The uterus was laid open and it was found to 
contain eleven dead foetuses of which six were staine 
deep blue. The placenta of the injected foetuses 
27. 
showed the blue stain in the foetal portion onj.y. 
The maternal portion was not stained at all. The tis- 
sues of the mother were free from s tain,but the liver 
was pale yellow in colour, mottled with red suggesting 
moderate fatty degeneration. Microscopical examina,ión 
c onfir a d this change. The central and half of the 
midzonal region in sections stained with Sudan III. 
showed marked fatty degeneration of the parenchymal 
cells. Early necrosis of a few cells around the cen- 
tral vein were also observed. The spleen was swollen 
and congested but there was no stain in the littoral 
cells or in the pulp syncytium. 
Experiment II. Animal littered two days after the 
operation. Litter of two, both of which died two 
hours later. The parent was sacrificed. The uterus 
was found to contain eight foetuses. Five of the foe - 
tases which had been injected were dead. Of the unin- 
jected three, two were alive and one was macerated. 
Liver changes in the mother were similar to that foun 
in the previous case (See coloureti plate). 
Experiment III. The animal died on the third day 
after the operation. There were ten dully developed 
dead foetuses in the uterus of which five were stame 
blue. 1 one of the feotuses showed signs of having died 
before the mother. The placenta of the injected foe- 
tuses were stained only in the foetal half. The pare 
animal was not stained. The liver was slightly below 
average size with sharp edge. It was pale yellow in 
colour and speckled with purple spots. Piicroscopicall_y 
t 
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Fig. II. Exp. H. Five of the foetuses were 
injected each with 0.075 c.c. of Carbon- tetra- 
chloride and 0.075 c.c. of 1% Trypan blue on 
the 19th day of gestation. The animal deliv- 
ered two live litter both of which died with- 
in two hours. It was sacrificed on the same 
day. The five injected foetuses were still 
stained deep blue, but neither the mother 
nor the other live foetuses were stained. 
Micorscopical examination of the liver of 
the mother showed extensive fatty change due 
to the permeation of the carbon-tetra-chloride 
from the foetus to the mother. 
Fig. III. Liver of the pregnant rat in experiment 
II showing exten:sîve fatty change in the 
parenchyma. Frozen section Sudan III. 
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Fig. IV. Liver of pregnant rat in experiment III. 
on the 19th day of gestation five of the foe- 
tuses were injected each with 0.15 c.c. of 140 
solution of senecionine and 0.05 c.c. of trypan 
blue. The animal died two days later. The 
liver shows necrosis of parenchymal cells and 
intense congestion of the sinusoids. Pools of 
blood are observed in the necrotic area. 
H and L x 300. 
Fig. V. Liver of the foetus whose mother had re- 
ceived 0.3 c.c. ofcarbon- tetra -chloride on the 
16th day of gestation. The parenchymal cells 
are swollen and hydropic except for a narrow 
margin of cells around the portal tract. The 
haemopoetic cells are not affected. 
H and E x 300. 
Fib. VI. Liver of the control foetus whose parent 
received injection of the dyes only, Anasta- 
mosing cords of hepatic cells are seen with 
well stained cytoplasm and large nuclei. 
Islands of haemopoesis are distributed through- 
out the looule. 





Fig. VII. Liver of the foetus whose mother received 
5 mil. grams of senecionine on the 15th,1 7th 
19th days of gestation. The number of 
naemopaetic cells are less than in the con- 
trol. The parenchymal cells are swollen va- 
cuolated and the cytoplasm has not taken the 
stain. The sinusoids are distended with red 
cells. H and E x 300. 
Fig VIII. Liver of rat No. 58. which had received 
10 mil. grams of senecionine. 1 xtensive central 
necrosis of the lobule is seen. The necrotic 
areas are infiltrated with polyinorphs and lympho- 
cytes. There is .parked congestion of the sinu- 
soids. 
H and E x 85. 
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the parenchymal cells showed extensive degenerative 
changes and necrosis chiefly around the central vein. 
The liver cells appeared homogenous with opaque babo- 
philic nuclei. Karyorrhexis and lysis of the nuclei 
were frequently seen. In the centre of the lobule 
many of the liver cells had disappeared leaving wide 
spaces filled with blood. There was slight infla ma 
tory cell infiltration at the portal tracts. The wall 
of the blood vessels were oedematous and friable. 
Spleen was swollen, tense and purple. stomach showe 
haemorrhagic infarcts. 
Experiment IV. The animal was killed on the second 
day. The uterus contained ten foetuses. Of the 
four injected foetuses three were alive and one was 
cread. The other six uninjected foetuses were also 
alive. The organs of the mother were free from sta' 
yet degenerative changes were present in the liver, 
similar to that found in experiment III. but to a 
lesser degree. 
Effect of toxic doses of cirrhogenic toxin on the 
preg± ant rat and on the foetuses. 
Material and methods of study. 
Twenty two albino rats together with eight 
controls were used for the following experiment. Th 
period of gestation was calculated from the date the 
vaginal plug was observed. All the rats including the 
controls were kept under identical conditions. 
33. 
Carbon-tetra-chloride toxaemia. Fifteen of the 
experimental rats were given injections of carbon - 
tetra- chloride and the injections were started on 
different days ranging from the date of copulation 
to the eleventh day of gestAtion. The first dose in 
all cases was 0.15 c.c. and the subsequent doses 
were 0.2 c.c. The injections were given twice weekly, 
subcutaneously on the back between the shoulder blad s 
well behind the nape of the neck. It was found by 
trial that injections on the abdominal wall, or at Ur 
root of the tail, were often followed by necrosis if 
the dose was large, whereas if given between tie 
shoulder blades necrosis never occurred even with very 
large doses. In rats, which suckled their young the 
advantage in the choice of this site for injection 
is obvious. 
Senecionine toxeamia. Seven of the experimental 
rats were given injections of 5 milligrammes of . sene- 
cionine in 0.5 c.c. of acidified distilled water 
twice weekly. The injections were started on differ - 
ent days from the date of implantation of the placenta 
i.e. from the 12th day of gestation onwards. 
Result. 
Controls. Of the eight control animals one 
failed to implant. The other seven became pregnant 
and littered on the 22nd day of gestation. 
34. 
Result of ex eriment with carbon -tetra- chloride 
toxaemia. In seven of these animals pregnancy did 
not follow copulation and there was no placental sign 
either on the 12th or 13th day. Manual palpation of 
the uterus through the abdominal wall showed the nor -' 
mal non -pregnant uterus. In cases of successful preg- 
nancy beading of the two horns of the uterus can be 1 
made out by palpation. Four animals aborted on the 
15th, 15th, 16th, and 20th day of gestation. The ani- 
mals were off their feed for two days and a bloody foul 
smelling discharge was noticed from the vagina. In 
the first three cases no foetus was expelled. On 
palpation the foetuses were found to have shrúnk in 
size; but could still be felt. In about ten days 
time they were absorbed an_ could not be palpated 
through the abdominal wall. The fourth animal expel- 
led two macerated foetuses on the 20th day of gesta . 
tion and a few more shrunken and softened foetuses 
could be felt in the uterus. Four animals littered 
on the 21st and 22nd day of gestation. In one of the 
animals all the young were still- births, but without 
any other evidence of their having been dead in the 
uterus for long. In two animals many of the litter 
were born dead, and the rest died soon after. The 
litter of one animal were all born alive, but died 
within five or six days. 
3esult of enecionine toxaemia. All the animals 
littered,but three of them wet'e premature. In all the 
litters there were many dead,or died shortly after 
Fig. I;. Liver of pregnant rat which was injected 
with 0.15 c.c. and 0.2 c.c. of carbon-tetra- 
chloride at intervals of three days. Exten- 
sive central necrosis of liver cells fringed 
by a single layer of hydropic cells is seen. 
The peripheral zone of cells show slight fatty 
change. 
Fig X. The technique of injecting the cirrhogenic 
toxin and dye into the foetus while the 
mother rat is under ether anaesthesia. 
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birth. IL one litter only, some survived _'c: ten 
days. 
Discussion. 
Placental permeability. An analysis of the 
experiments on placental permeability shows that cirr, 
hogenic toxins, carbon-tetra- chloride and senecionine 
diffuse through the placenta and injure the liver oft 
the foetus extensively. The anatomical consideration 
that much of the placental blood carrying the normal 
and abnormal products which have diffused from the 
mothers blood passes through the hepatic sinusoids 
before reaching the other organs, assumes special sig- 
nificance in the light of the present s tidy. Trypan 
blue which forms a colloidal solution with water, al- 
though absorbed by the epithelium of the chorionic 
villi, and the amniotic membrane does not enter the 
foetus through the circulation as the alkaloid sene- 
cionine in true solution does. Trypan blue which oc- 
curs in ultra microscopic particles in the solution 
is taken up by the reticulo endothelial cells through- 
out the body as well as by the epithelial cells of 
the convoluted tubules of the kidney and the epithel- 
ium of the chorionic villi. Even trypan blue is sal 
to enter the foetal circulation in traces in the 
rabbit and guinea pig. (Wislocki) . As regards car- 
bon- tetra -chloride, its entry into foetal circulatio 
is explained by the fact that all lipoid soluble sub 
stances generally pass the placenta. The toxins 
7. J 
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t: e at 
Death 
8 7th 0.3 Failed 
10 5th 0.4 Do. 
12 11th 0.45 Do. 
24 3rd 0.75 Do. 
27 1st o.6 Do. 
32 6th o.6 Do. 
48 6th 0.35 Do. 
20 8th 0.53 - -- 15th 
23 3rd 0.75 - -- 16th 
22 8th 0.55 - -- 15th 
16 3rd 0.75 - -- 20th 
7 4th 0.75 - -- - -- 5 
9 7th 0.75 --- --- 4 4 illed 
14 10th 0.75 - -- - -- 6 2 2 - 1st day 
41 9th 0.6 - -- ---- - -- 12 6 - 4th day 
6 - 5th day 
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apparently do not injure the placenta in such a way 
as to make it more permeable to substances which do 
not normally pass through,since trypan blue which is 
actually on the boarder line with regard to its dif- 
fusibility does not pass through the placenta after 
large doses of these toxins have been administered to 
the pregnant rat. 
Permeability of the placenta to substances 
from the foetal to the maternal circulation is governed 
by the same laws of osmosis and diffusion. Trypan 
blue is held up at the chorionic villi and does not 
pass into the maternal circulation and the foetal 
membranes are not stained, although carbon- tetra- 
chloride and senecionine diffuse from the foetus 
through the placenta and cause changes in the liver 
of the mother. A dose of senecionine - 1.25 milli- 
grams which is about five times the lethal dose for 
an adult bulk for bulk when injectdd into the foetus 
in utero did not cause its death even after 48 hours. 
The same dose in a new born litter killed the animal 
in 24 hours. Apparently the senecionine was being 
rapidly eliminated through the placenta into the cir- 
culation of the mother and the damage to the liver of 
the parent animal after the . inj ection of either of 
these toxins into the foetus confirms this finding. 
A study of the table on the action of carbon 
tetra- chloride on pregnant rats show that in 47% of 
the rats pregnancy did not follow copulation as 
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against the 88% of successful pregnancies in the 
control animals. 27;0 of the experimental animals abl 
orted between the 15th and 20th day of gestation. 
,.acerated foetuses were expelled in one and in the 
other three the dead foetuses were absorbed; not an 
infrequent occurrence in cases of miscarriage in rats. 
In 20;x, half or more than half of the litter were still 
births, and only one rat out of the fifteen brought 
forth a litter of live ones, but whose life span did 
not exceed six days. These abnormalities were not 
seen in the control rats. These observations indica e 
the toxic effect of the drug administered to the preg 
nant mother on the foetuses. It has been demonstrate 
that carbon -tetra -chloride when given to the pregnant 
mother in the later period of gestation readily pass- 
es through the placenta into the foetal circulation. 
These experiments show that the placenta is permeable 
likewise during the earlier period of gestation when 
the chorionic villi are comparatively thick. 
In those cases where the animals were in- 
jected with toxic doses of senecionine after the ap- 
pearance or the placental sign, abortion was a less 
frequent event; but in every litter there werea num.- 
ber of still births. It follows that either sene- 
cicnine is less toxic to the foetuses than carbon - 
tetra -chloride, or that the toxin is not so deleter- 
ious in its effects on the full term foetuses. It 
1 
was observed in the experiments on placental permeability 
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that larger doses of the same two toxins failed to 
kill the foetuses when the injections were given layer 
in the gestation period. The other important fact to 
be noted in these observations is that injection of 
cirrhogenic toxins into the pregnant rat besides in- 
creasinG the intra- uterine mortality of the foetuses 
has a similar effect on the post -natal mortality rate. 
In attempting to apply the observed effects on 
rats to probable effects on pregnant women many con- 
siderations have to be taken into account. The lonz,er 
period of gestation, the nature of the cirrhogenic 
toxin,and dietetic variations are so :e of the factors 
that one has to consider in dealing with this questio) n 
of the possibility of cirrhogenic toxins in the mat- 
ernal circulation damaging the liver of the human foe- 
tus in utero. Apart from congenital syphilitic cirr- 
hosis, and that due to congenital obliteration of the 
bile duct, congenital cirrhosis of obscure etiology 
have been reported frequently in medical literature. 
Vanvert and Ramond (quoted by Rolleston and McNae) 
have recorded congenital cirrhosis and ascites in a 
foetus with enlarged cirrhotic liver which was proved 
not to be of syphilitic, alcoholi or tubercular in or 
igin. It is not claimed that all cases of "infantile 
cirrhosis" are of antenatal origin,but experimental a 
well as clinical evidences are infabour of shifting 
the responsibility to causes acting through the mother. 
42. 
L A R Y. 
(1) It was demonstrated experimentally that it is 
possible for cirrhogenic toxins to diffuse through 
the placenta of a pregnant rat and cause degenera 
tive changes in the liver of the foetuses. 
(2) The passage of each toxins through the placenta 
does not alter the permeability of the organ to a 
colloidal dye which normally does not pass through 
it. 
(3) Cirrhogenic toxins injected into the foetuses 
in utero diffuse through the placenta and produce 
changes in the liver of the mother ; but the pas- 
sage of these toxins through the placenta does not 
affect the organ in such a way as to make it per - 
meable to a colloidal dye. 
(4) Repeated administration of cirrhogenic toxins 
to the pregnant rat before the 12th day of gesta- 
tion frequently results in failure to implant, or 
causes increased intrauterine and post -natal 
mortality. The injection of such toxins after the 
12th day of gestation induces premature delivery 
and increases the post -natal mortality. 
P A R T I. 
FXPER IîvIER?TAL STliDI E S . 
(3) Experimental study on the relation between 
breast feeding and liver damage in the suck- 
ling rats with special reference to factors 
in the diet of the mother that augment or 
prevent such injury. 
43. 
Experimental Study on the relation between breast 
feeding and liver damage in the offspring. 
Experimental production of liver damage in the foetus 
and suckling . rats wl:,ose parent is fed on normal diet 
and is subjected at the same time to the action of a 
cirrhogenic toxin. 
Introduction. As ear]y as 1894, when very little 
was known about the disease infantile biliary cirrhosis 
Ghose observed from a clinical study of his cases , t=:at 
there was a tendency for the disease to occur chiefly 
in children belonging to the Hindu families where the , 
mother always nourished her children from her own 
breast. He noticed that in families where the childr n 
were prone to die of the disease, those that were fed 
by healthy wet nurses escaped the disease. A similar 
observation was made by R. W. 3ircar (1894) . He re- 
cords the case of three wo:.:.en patients in one of whom 
all the children fed on breast milk died of the diseas 
whereas in the other two though the elder children who 
were fed on breast milk died of enlarged liver, the 
younger ones who were put on artificial diet grew up 
healthy. Mackenzie (1894) who studied the disease in 
detail suggested the possibility that gastrointestinal 
irritants like pepper acting through the mother's milk 
may be the cause of this disease. Green Armytage(1926) 
was of opinion that when there i, deficiency in the 
vitamin content of the mother's diet her breast secre- 
tion suffers and thus predispose to the disease in the 
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infant. Manson -Bahr (1927) advised as prophylactic 
that "wherever possible the latest baby in the family 
in which several cases of this disease have already 
occurred should immediately be removed from the .__other 
and artificially nursed." Rolleston and ï; acNee con- 
sidered teat the etiological factor may be the irritant 
bodies in the food of the nourishing mother. Pandalai 
(1934) suggested that toxins from the mothers milk may 
be one of the causes for infantile corrhosis. Bhaskara 
Yenon (19 31) held the view that the disease may be dtie 
to toxins excreted through the milk. Radhakrishna Rap 
(1935) suggested as one.,of the possibilities that the 
disease may be due to a toxin contained in the diet ax 
indigenous to India which. circulates in the maternal 
blood__ in intra uterine life, and is continued to be 
given through the milk to the child after birth. 
Phillip Rezek (19 38) as a result of his experimental 
studies arrived at a similar conclusion. He said that 
the ingestion of spices during pregnancJ and lactation 
can injure the liver of the foetus as well as t,-.at of 
the infant. The importance of breast feeding as a 
factor in the etiology of'infantile cirrhosis' can be 
judged from an analysis of the observation of Radha- 
krishna Rao on the normal dietary of 1100 infants and 
children in Vizgapatam. He found that of the 1100. is 
rants and children, only 11 were fed on cows milk from 
birth and 14 on patent foods from birth. Of the remai 
ing 1075, it was found that 184 were fed on breast mil 
45. 
up to the 6th month, 438 up to the 1st year, 313 up to 
the second year, 110 up to the 3rd year, 25 up to the 
4th year and 5 up to the 5t.ß year. 
The dependence of the health of the offspring on 
the quality of the mothers milk has been recognised 
from time immemorial, but until recently the effect on 
the suckling of factors affecting the maternal organ- 
ism has dra:-n very little attention from investigators 
Very little is known of the mechanism of milk secretio 
but from the fact that numerous oils, alkaloids,metals 
and nonmetals are excreted by the milk it can be assum 
ed, that other factors besides the normal diet of the 
mother play their part in the secretion and composi- 
tion of milk. J. R. Slonaker (1931) in studying the 
effect of different percentage of protein in the diet 
of nursing rats observed malformations, deformities 
and blindness in the sucklings due to lack of vitamins 
in the mam_iary secretion of the mo ther, and the addition 
of yeast to the diet of the mother improved the condi- 
tion of the sucklings. Kohler, Elvehjam and Hart 
observed certain growth promoting factors associated 
with summer milk. They found that rats on summer milk 
grew more than 4 grains per day while those on winter 
milk grew only 2i grams per day. Sure and Schelling 
found that rats during lactation period required in- 
creased amount of vitamin B complex to balance the 
loss through excretion in the milk. Tarr and ì::.e eile 
their study on lactating mothers and infants poin 
Z; 
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to the greater requirement of the lactating mother 
for vitamin B complex. Investigations by btrause 
and ,.acllonald (1933), cure and Barnett (1927) have 
confirmed this observation. 
However with regard to infantile cirrhosis it 
has not been proved conclusively that one must search 
for the cause of the d _sease in the pregnant and 
nursing mothers. The object of the present investig 
tion is to study this question experimentally so that 
more light may be thrown on the conditions in the 
maternal organism which , a induce changes in the 
liver of the progeny. 
L:aterial and i;ethods of 6-Ludy. 
Eight albino rats with a total litter of thirty 
were uses: for this experiment. beven nonpregnant 
rats and seven nursing rats with a total litter of 
thirty -four were employed as controls. The animals 
were fed daily with dog -biscuits soaked in diluted 
milk and oats. Twice a week the diet was stApplement- 
ed with marmite cabbage and cod liver oil. Two 
females were housed with a male rate in each cage and 
vaginal examination fer seminal plugs was made every 
morning. The dated rats were immediately segregated 
in separate cages. 
Of the seven nonpregnant controls six received 
injections of Oat c.c. of pure carbon -tetra -chloride 
twice weekly, and the seventh was given 0.05 c.c. of 
carbon -tetra -chloride at the same intervals. 
47. 
non -pregnant 


















B1 3 0.2 190 6.7 9.5 0.7 
B2 9 0.2 135 7.7 7.5 1. 
B3 8 0.2 175 10 9.05 1.1 
B4 19 002 175 11.5 9.05 1.2 
B5 12 002 132 8.2 7.4 1.1 
B6 11. 0.2 179 8. 8.9 0.9 
A4 30 0.05 150 9 8.2 1.1 
The normal weights of livers have been estimated from 
chart.. 3. Hatai. American journal of Anatomy 15) 1913. 
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Ci/I 0 4.8 0025 0.26 1 
CA.II 0 4.9 0.25 0.27 0.9 
C1 cl/III 7 11.2 0.5 0.6 0.8 
C1/IV 7 10.9 0.52 0.57 0.9 
Ci/vI 21 26.3 1.9 2 0.9 
Cl/VI 
I 
28 40.8 3 3.05 1 
C2/I 0 4.8 0.25 0.26 1 
C2 yrll 0 4.6 0.25 0.25 1 
C21 C2/III 7 10.2 0.5 0.5 1 
C2/IV 14 19.8 1.55 1.52 1 
C2/V 21 25.6 1.8 1.9 0.9 
C2/VI 28 43. 2.y 3.15 0.9 
___.._. 
C3/I o 5.0 0026 0.27 1 
C3/II 0 4.8 0.25 0.26 1 
C3/III 2 11r1 ps5,3 0.58 09 
C3 'C3/IV 14 20.6 1.5 1.5 a. 
Cyv 21 26.3 1.95 2 0.97 
c 
3 1 



















C4 /I 0 5.3 0.26 0.28 0.9 
C4 /II 0 4.9 
0.26 0.26 1 
C4 C4 /111 7 
11.6 0.6 0.64 0.9 
C4 /IV _ 10..8 0.51 C.56 0.9 
C4/v 15 20.1 1.3 1.5 0.9 
C5 /1 7 9.6 0.45 0.46 1 
C5 /II 14 17.8 1.3 1.32 1 
C5 
05 /I1I 
21 24.8 1.6 1.8 0.9 
97/I 7 9.2 0.4 0.43 0.9 
97 /II 7 9.8 0.46 0.48 1 
97 
97 /Ill 14 19.1 1.23 1.44 0.8 
97 /IV 21 27.2 1.8 2 0.9 
98/I 0 4.8 0.25 0.26 1 
98 
98 /II 10 14. 0.9 0.94 1 
98 /111 15 17.5 1.3 1.29 1 
98/1v 23 26.8 1.9 2 0.95 
5 
The mated controls were allowed to litter and the 
size of the litter was limited to six by killing off 
the supernumerary. The young were weighed jointly 
in -a paper bag irn;..ediately after birth, ana at weekly 
intervals. The average weight of each was calculated 
by dividing the total weight by the number of the 
young weighed. z,orn.e of the young were sacrificied 
soon after birth and at weekly intervals for histolo- 
gical examination of the liver. 
In the case of the experimental animals pure 
carbon -tetra -chloride was injected into the pregnant 
rat on the back, between the shoulder blades twice 
weekly by means of a tuberculin syringe fitted with 
To. 16 neec.le. The injections were started on differ- 
lent days of gestation for each rat. The first injec- 
tion was always 0.1 c.c. and the subsequent doses were 
0.15 c.c. It was found from previous experiments 
that injection of more than 0.15 c.c. invariably resul- 
ted in resorption, abortion, premature delivery or 
postnatal death of ' the litter. After delivery the 
dose of carbon- tetra- chloride was increased to 0.2 c.c. 
twice weekly. All the nursing :_others tolerated this 
dose well. As soon as possible after delivery the 
newly born litter were jointly weighed and the average 
weight of each calculated. In some instances one or 
two newborn were p.cked out fror.i the litter and sacri- 
ficed for histological e xamination of. the liver. In 
every case the size of the litter was limited to six. 
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The young usually started to feed on 
- 
the mothers 
diet from the 18th to the 21st day, but most of them 
i 
continued to suckle for another week or two. The 
young were sacrificed from time to time for histolo- 
gical examination, and in most cases the mot_.er was 
sacrificed a month after delivery. 
:_any livers were examined in the controls, and 
in the case of the experimental animals every liver 
was examined histologically. The tissues were fixed 
in 1050 formol saline and embedded in paraffin. elec- 
tions.were stained according to requirements with 
(1) Mayer's acid alum haematoxylin and eosin (2) 
Heidenhain's Azan for connective tissue (3) Foot 
and vlênards silver impregnation for reticulum (4) 
Frozen sections were stained with dudan III. and 
counter stained with haematoxylin for fat. 
Observation. 
The general effect on the nonpregnant adult rats 
which received Oo2 c.c. of carbon -tetra- chloride 
twice weekly was a rapid decline in the body weight 
in all animals. Most of them took less than half th 
amount of their usual requirement of food after two 
ibjections. The animals which were receiving the 
carbon -tetrachloride in 0.2.c. doses began to die 
one after the other. Five of these died within45 
days from the beginning of the experiment, and one 
was sacrificed after the 19th injection. The ani- 
mal which was receiving 0.05 c.c. died after 4 
54. 
:months. Ascitis was present in two, and histologi- 
cally all the livers showed varying degrees of liver 
damage and fibrous tissue proliferation depending on 
the dosage of carbon -tetra- chloride. 
Histology_; of the liver of rat.: which had 3 in- 
jections of 0.2 c.c. of carbon- tetra- chloride. 
There was necrosis of liver cells around the radicles 
of the hepatic vein which extended outwards to coalesce 
with necrotic areas in the neighbouring lobules. 
There was no cellular infiltration of the necrotic del 
bris, The sinusoids in the centre of the lobule had 
ruptured arid numerous red cells were observed in the 
debris of cells. The peripheral and midzonal re- 
gions were only slightly affected, and the parenchy- 
mal cells showed cloudy swelling and early fatty 
change. A few bi- nucleate liver cells, and cells 
undergoing mitosis were present. There was marked 
congestion affecting the whole vascular system; but 
the structures in the Glisson's 'heath were unaffec- 
ted. 
In the liver of the rat which had 8 in'ections o 
0.2 c.c. all the parenchymal cells in the centre of 
the lobule showed coagulation necrosis. The cell out - 
lihe was hardly visible and the nuclei were in various 
stakes of Karyorrhexis and lysis. There was marked 
infiltration of the necrotic debris with histocytes, 
fibroblasts and a few polymorphs. The wall of the 
hepatic radicles appeared oedematous, and slightly 
thickened. The cells throughout the lobule were 
Fig. I. Liver of control rat B which had received 
8 injections of 0.2 c.c. 6f carbon- tetra- chlor- 
ide. Necrosis of liver cells radiating outward 
from the centre is observed. The debris is in- 
filtrated with polymorphs histiocytes and 
fibroblasts. The liver cells in the middle 
zone show hydropic degeneration and fatty 
change. 
H and E x 300. 
Fig. II. Liver of control rat B4 which received 19 
injections of 0.2 c.c. of carbon- tetra -chloride 
Mono-lobular cirrhosis with fibrous tissue more 
central in distribution. 
P. portal tract which is scarcely affected. 
C. collecting, vein. 
H and E x 85. 
56. 
affected to a greater or lesser extent by degenera- 
tive changes. A large number of these were hydropic, 
and the cytoplasm of the other cells was vesicular, 
and the cell outline indistinct, as if the cells had 
fused together. The portal tract and a narrow 
fringe of cells abutting against it were healthy. 
In the case of the rat which ..had 19 injections 
of 0.2 c.c. the liver showed bands of fully formed 
highly cellular fibrous tissue extending between the 
radicles of the hepatic vein and the portal sheath, 
thus breaking up the normal lobular pattern to give 
it the appearance of mono -lobular cirrhosis. The 
amount of fibrous tissue around the hepatic venous 
radicle was found to be definitely greater than that 
found in the Glissons äheath. Occasionally the 
branches of the hepatic vein showed soue degree of 
periphlebitis and thickening of the wall. A few por- 
tal tracts were practically unaffected, and there was 
no increase of fibrous tissue in them. Bile duct 
proliferation was slight. The parenchyma in the cen- 
tre of the pseudo- lobules appeared healthy and those 
cells which were in close proximity to the portal 
tracts were deeply stained, and their nuclei containe 
more chron.iatin. Many of these were bi- nucleated. 
Towards the periphery of the pseudolobules the cells 
were markedly hydropic with pyknotic nuclei in the 
centre of the cells. The histological picture resem 
bled rather closely the toxic cirrhosis described by 




Fig III. Liver of control rat B4. The portal tract 
with the hepatic artery, portal vein and bile 
duct are practically unaffected by the fibrosis. 
The adjacent parenchymal cells show deeper 
stain in the cytoplasm and in ,:ens:ely basophil- 
ic nuclei. 
H and E x 350. 
Fig IV. Liver of control animal h4 which received 
30 injections of 0.05 c.c. of carbon- tetra- 
chloride. Portal as well as hepatic veins are 
surrounded by bands of fibrous tissue which 
also encircle, large and small islands of 
regenerated nodules. 
H and Ex75. 
58 . 
veins which later lead to central fibrosis. 
In the liver of the rat which had 0 injections 
of 0.05 c.c. of carbon- tetra- chloride twice weekly, 
narrow columns of fibrous tissue were seen to encir- 
cle islands of hepatic parenchyma varying in size 
from 0.5 m.m. to 5 m m in diamater. The cells were 
vesicular, and frozen sections stained with äudan 
III. showed minute globules of fat in the cytoplasm. 
The cell outline was indistinct and many of the nuc- 
lei were swollen, besophilic and opaque. Here and 
there extreme fatty degeneration affecting whole 
masses of cells in some of the smaller islands of 
parenchyma, could be seen. There was marked infil- 
tration with lymphocytes, plasma cells, and histio- 
cytes in the fibrous tracKs. The blood vessels did 
not show an; appreciable change. Proliferation of 
bile ducts was scanty. The a_.pearance was typical o 
La_ennecs or rnultilobular cirrhosis. 
Histology of the liver in the newborn control. 
The hepatic cells were arranged in anastomosingI 
cords between which could be seen the profuse intra- 
lobular sinusoidal circulation. The parenchymal cells 
were irregularly polygonal in shape and differentia'on 
between individual cells was more obvious than in th 
aault liver. The cytoplasm was faintly basophilic. 
The chromatin of the nucleus was irregular in distri u- 
tion, and the nucleolus was prominent, staining a 
deep violet colour. A few cells were binucleated. 
59 . 
The blood vessels were thin walled with wide lumen. 
Numerous foci of blood cell proliferation and differ - 
entiation were present. The haemopoetic foci were 
chiefly extra vascular in distribution apparently 
differentiating from the mesenchyme of the sinusoic . 
Intra sinusoidal haemopoesis was also evident in some 
places. Gradations of cells ranging from basophilic 
erythroblasts to acidophilic normoblasts with deep 
staining nuclei coula be made out in the haemopoetic 
foci.Megakaryocytes having several nuclei were ob- 
served frequently. The cytoplasm of these cells 
more basophilic-than the liver cells and the nucleolei 
more prominent. 
The architectural pattern of the liver in a week 
old rat was well formed. The cells resembled nio: e 
the adult type; but were relatively smaller in size. 
Connective tissue of the portal tract was sparse,and 
the vessels were thin walled. In the liver of most 
of the young a few globules of fat in the cells of th 
centra4 zone of the lobules could be made out. The 
foci of haemopoetic cells had mostly disappeared; 
but a few isolated clumps of these cells were occa- 
sionally present. 
In the liver of the two weeks old animal the 
haeaopoetic cells had complete disappeared and the 
structure of the liver resembled the adult. In most 
livers there was no trace of fat in the centre of the 
lobules. 
6o. 
Durii the third and fourth weeks the liver was 
identical with that found in the adult, except that 
the lobules were slightly smaller in size. 
Effect on the litters whose mothers received 
injections of carbon- tetra- chloride in doses of 0.156l:b 
twice weekly during the latter .period of gestation anci 
0.2 c.c. twice weekly during lactation. 
General effects. Io r emarhable difference be- 
tween the average weight of the newborn experimental 
litter and control litter was revealed. In most ani- 
mals the average weight per litter seemed to depend 
to a large extent on the size of the litter; but ther 
was a marked_ lag in the growth of the experimental 
litter as compared with the control. No runts were 
ob:,erveá in any of the litter; but some gained weigh 
much more gradually than others. The young ones took 
a longer period to be weaned completely; and the 
gain in weight was more rapid after they were weaned; 
but it never equalled that of the control animals. 
Histology' of the liver of the newborn. The pa 
enchymal cells were swollen and vesicular. The cyto- 
plasm failed to take the stain except for a narrow 
fringe around the n ;cleus and the cell margin. The 
nuclei were ill stained, distorted and in many the 
nucleoli could not be differentiated from the irregu- 
lar masses of nuclear chromatin. The islands of haem 
poesis seemed to have escaped injury. The wide 
ú.1 
tl41,I 
Fig. V. Liver of control rat A showing development 
of coarse cirrhosis after 30 injections of 
04 c.c. of carbon- tetra -chloride. 
Fig VI. Liver of litter 4 /IV showing moderate 
fatty change in the arenchymal cell 
around the central vein. 
62. 
anastornos ¡ng channels of sinusoids that are normally 
present could not be made o t in the whole section as 
the; ere collapsed through swelling of the parne- 
chyinal cells. A few distorted red cells were ob- 
served between the cords. There was moderate dis- 
tension of the hepatic and portal vessels. 
The liver of the young in the second week of 
life showed marked fatty degeneration of the parenchy- 
mal cells throughout the lobule; but it was more in- 
tehae around the central veins in each lobule. In some 
livers the cell membranes were indistinct and only th 
nuclei seemed to be left intact. N crosis of a few 
cells in the centre of the lobule was frequently seen 
and such areas were the seat of round cell and histio- 
cytic infiltration. In one liver 28/I bile thrombi 
were seen in the hepatic cords- and many of the Kupff r 
cells were impregnated with bile pigment. A few cell 
near the portal tract showed mitosis. The wail of the 
hepatic veins and their radicles were relaxed in most 
cases. The patency of the sinusoids differed in each 
case. In some they were dilated and in others coilapt 
sed. There was a slight proliferation of the Kupffer 
cells in all the livers. The Glisson's sheath and 
the structures in it were usually healthy; so also 
was the peripheral zone of parenchymal cells adjoin- 
ing the tracks. 
Third week. There was slight proliferatión of Kupffer 
cells throughout the lobule, and they appeared more 
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Fig. VII. Liver of littar 28, showing necrosis 
of a few cells around the central vein and 
infiltration with histocytes. The remaining 
liver cells showmoderate fatty change. 
H and Ex350. 
Fig VIII. Liver of 31 . showing wide-spread 
fatty change wit i'Indistinct cell out- 
line. Many of the nuclei towards the 
centre of the lobule are pyknotic. 
The blood vessels are reltaXed. 
H and Ex80. 
Fig. VIII. B. Liver of 31/II. See coloured 
plate. Frozen section stained with 
sudan III. x 80. 
Fig. IX. Liver of litter 15/w whose mother was re- 
ceiving injections of 0.2 c.c. carbon- tetra- 
chloride twice weekly. There is necrosis 
and marked hydropic degeneration of liver 
cells at the centre of the lobule. 
H and E x 90. 
Fig. X. Liver of rat 15 which had been receiving 
0.2 c.c. of Carbon- tetra- chloride twice week- 
ly. Slight fatty change is seen in the cen- 
tre of the lobule, but when compared to the 
degenerative changes in the liver of the 
litter it is insignificant. 
H and E x 90. 
66. 
prominent than usual. A few foci of central necrosis, 
and round cell infiltration were seen in some of the 
livers; but on the whole fatty degeneration was thw 
caáracteristic change at this age. In the livers of 
15 /III, D l5 /IV. there was hydropic dengeration of 
a zone of c ells in the centre of the lobule, which hall 
a tendency to spread out towards the neighbouring 
lobules. The cells in the centre of the lobule were 
in every instance affected to a greater extent than 
those at the periphery; the portal' vein, the artery, 
the duct and the cells in the immediate vicinity of 
these structures were usually spared. 
Fourth week. After 21 days the changes in 
the liver were found to diminish progressively, as th 
litter began to feed on the diet allowed for the 
mother. Moderate fatty change was still to be seen 
around the central vein, and frequently there was 
generalized hyperaemia of the whole lobule with dis- 
tension of the blood vessels. By the end of the 
fourth week the liver in most of the litter assumed a 
normal appearance. 
Effect on the parent rat. 
It was observed in the experiment on the ef- 
fect of toxic doses of carbon- tetra -chloride during 
gestation that 0.2 c.c. of the drug was not tolerated 
by,the pregnant rat. In the present series of. ex- 
periments it was seen that the animals tolerated the 
ZPSIlad dosage of darbon -tetra -chloride well during 
7. 
gestation. During lactation a dose of O02 c.c. did 
not have any remarkably injurious effect on the parent; 
except, that the animal gradually declined in weight.;, 
There was no death in any of the tether rats. They 
took their feed just as well as the control animals. 
Histology of the Liver. The livers of all the 
experimental mothers showed varying degrees of fatty 
degeneration affecting the cells throughout the lobule. 
In the majority of animals there was no necrosis of 
liver cells, and if at all there was any, it was usual- 
ly limited to a narrow zone around the central vein. 
This area of necrosis never extended further outwards. 
Frequently there was slight infiltration with histio- 
cytes in the centre of the lobule. In no case was 
there necrosit sufficient in extent to resemble that 
seen in the control animals receiving the same dose 
of carbon - tetra -chloride. 
U LIMA RY. 
(1) The effect on the suckling rats whose 
mother had been receiving injections of a cirrhogenic 
toxin during the later period of gestation and lacta- 
tion was to produce stunting effect on growth and to 
induce degenerative end sometimes necrotic changes in 
the liver. 
(2) The liver changes became progressively les4 
in extent as the young ones were weaned. 
58. 
(3) Repeated toxic doses (0.2 c.c.) of Carbon- tetra- 
chloride which frequently resulted in the death of the 
control animals was tolerated well by nursing mothers. 
(4) The same dose of Carbon-tetra-chloride which rét 
suited in severe necrotic lesions in the liver of the 
control animals produced only a slight damage in the 
liver of the nursing mother. 
(5) It was seen from the histological study of the 
changes produced in the liver of nonpregnant rats 
with repeated toxic and repeated small doses that the 
former induced a toxic cirrhosis with fibrosis central 
in distribution whereas the latter produced a multi- 
lobular or Laennec's cirrhosis. 
69. 
The relation between infantile cirrhosis and a diet 
of polished rice. 
çperimental production of liver damáLle in suck- 
ling rats w hose parent is fed on polished rice and vi .a- 
mies and is subjected at the same time to the action 
of cirrhogenic toxin. 
I Tv T iODUC TI ON. 
Geogra2hical distribution of the disease. The 
peculiar geographical distribution of the disease was 
a feature which attracted the attention of the earlie t 
writers on this subject. (Sen (1882) a pioneer in th 
study on "infantile cirrhosis" first observed its pre 
valence in Calcutta in contrast to its absence in 
Central and North West provinces. Ghose J.. (1894) 
and Gibbons (1891) recorded their cases from Calcutta 
and Lower Bengal. Mackenzie recorded cases of in- 
fantile cirrhosis in Kanara and South -,pest Coast of 
Bombay noting; at the same time its scarcity in Bom- 
bay, Sind Gugarat_a:. Aden, and Deccan. Pearce T. F. 
included Madras also as an endemic area, and .-Jingh re- 
corded cases from United Provinces as well. Castell- 
ani and Chalmers (1919), Byam and Archibald (1922) 
noted the prevalence of the disease in Calcutta chief - 
ly. De Costa reported a case fromYagpur. Vaidyan- 
ath Iyer (1926) reported cases from Tellicherry on, 
the ,pest coast of India and Krishna Iyer (1926) came 
across the disease in the Tamil districts and in the Ïastern 
districts of south India. Manson -Bahr (1927) 
70 
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iviap of India. 
The geographical distrioution of 
Infantile cirrhosis in India is markea out from 
the data gathered from medical literature. 
The disease is seen along the sea 
coast and in the deltas of the great rivers where 
rice forms the chief cultivation. In the centre 
of the peninsula and in the North Western provinces 
where no rice is grown the disease does not occur. 
71. 
describes; the disease as occurring in Bengal, Madras,' 
United Provinces and Bombay. Mukherji (1927) in his 
attempt to study the geographical distribution of 
"infantile cirrhosis" has left a valuable record of 
the endemic areas for this disease. According to him, 
they are Calcutta, and various districts of Bengal, 
Madras, and the districts Arcot, Salem, Trichinopoly, 
Madura, Ramnad, Tanjore, Pudukota in the Madras pre- 
sidency, a few cases froJzi Mysore, and some from United 
provinces and Bombay. Sarikera Iyer (1931) has reported 
sonie cases from Mysore, and Pandalai has included 
Travencore in the endemic area along with Calcutta, 
Bombay, Madras United Provinces, Malabar and ;Iysore. 
Phillipy Rezek firo m his study of the distribution of 
the disease found that it was o,.ly found in Bengal, 
the surroundings of Madras, South India and Vizaga- 
patam. On considering the incidence of the disease 
in its relation to the diet in different parts of In- 
dii we arrive at the definite connection between it 
and the rice eating population of India. It is es- 
timated that over a third of the population in India 
live on rice. However if we exclude the deltas of 
the great rivers and the narrow coasted strip rice is 
a rare crop throughout the rest of the peninsula . It 
is exclusively the staple diet where it is gron. The 
out turn of rice is greatest in Bengal and Assam. A 
large percentage of the acreage is under rice cultiva- 
tion in the deltas of Godavari, Kistna, and Canvery, 
72. 
in the lowlands of Travencorel lalabar, and Kanara. 
In the i,:orth estern Provinces it is grown only in 
the damp localities and form the favourite food for 
upper classes. In Madras the area under rice is 
about 31, of the food growing area, in Bombay it is 
10%, in .;ind it is 17 %, in the Central Provinces 34% 
2 
and in Punjab 5%. In the 5 of India under Indian 
Princes, which cover the centre of the peninsula 
scarcely any rice is grown. It will be seen frog_ a 
study of the literature that the incidence of infan- 
tile cirrhosis is greatest in Bengal and iadras pro- 
vinces, in the deltas of the great river;_, and along 
the long strip of land fringing the coast. Ehaskara 
Menon and Annamalai from their study of the inc i- 
dence of hepatic cirrhosis in south India find a 
high incidence of death fro_ cirrhosis in Madras. They 
also report that the incidence of cirrhosis is 6.9% 
in 489 autoposies in Calcutta, 9.3% in 535 autopsies 
in Vizagapatam, whereas Berlin figures indicate only 
l in 3,200 autopsies. In Java where the population 
live almost exclusively on rice mortality from cirr- 
hosis is 10 times that seen in an . uropean population 
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Figures taken from "The Indian Empire" 
by W. Hunter. 
Ethnological and Social considerations. 
Reports of cases of infantile cirrhosis from 
whatever source it may be always agree on one point 
and that is the incidence of the disease exclusively 
among the rich upper and middle class families. On 
analysing the diet of various classes of people and 
the market value of the different varieties of grains 
available in an area for consumption it will be seen 
that that it is the wealthy upper and 'middle class 
families who live almost exclusively on rice in the 
rice Growing districts. The whiteness of the polished 
74. 
rice is preferred by them to the coarser but more 
nour.shing unpolished or parboiled r ice. 
The poor people who form the bulk of the popu- 
lation live on the different varieties of millet that 
are grown in all parts of India. The lower middle class 
whose staple diet is rice in the rice growing areas, 
invariably live on parboiled unpolished rice. Infan- 
tile cirrhosis is rarely if ever seen in these families 
and in the poor who live on millets. 
Dietetic Habits. Ever since the disease at- 
tracted the notice of the medical profession it was 
observed that the incidence of the disease was much 
greater among the Hindus than among the Moharmnedans, 
Anglo Indians, Indian Christians or Europeans. The 
health officers report of mortality in infants in Cal- 
cutta due to this disease shows a marked disproportion 
between the death rate for Hindu and ohamnedan chil- 
dren, despite the fact that the population of Hindua an 
i,1ohernuedans are ab out equal in Calcutta. 
Death rate due to infantile cirrhosis in Calcutta ac- 
aording to the Health Officers report 













In Madras the disease is seen more frequently 
ong the Brahmin Community than in the rest of the popu- 
ation put to'ether , even though the Brahmin Com:lunitÿ 
orni only a small percentage of the population. In a 
'preliminary report on the prevalence of Infantile bil- 
arÿ cirrhosis in the í..ysore titate" by aankara Iyer 
eports that out of 60 cases seen by him 905, were 
,long Brahmins. The reason is not far to seek as it is 
yell known that Mohammnedans, Indian Christians Anglo In- 
ian and Europeans live on a mixed diet containing a 
arge proportion of animal protein whereas many eommuni 
ies among Hindus are strict vegetarians. It is also a 
fact that in many Hindu families where the husband may 
e a meat eater, the wife is a strict vegetarian becaus 
f religious scruples. In ;youth India especially the 
ahmin Community as a whole never take meat, fish or 
gg in any form, and a large body of Non -brahmin Hindus 
re also strict vegetarians. J. N. Ghose (1894) ob- 
erved that ;ohammedans and Eurasians feed their chil- 
ren occasionally with animal broth whereas the Hindu 
other always nourished her children from her breast. 
irumurti and Radhakrishna Rao and others have comment 
d on the incidence of the disease among vegetarians. 
Another factor which may be of some significanc 
considering the etiology of the disease is that befo e 
e year 1874 the disease was unknown. J.`d. Ghose (189 
called it a new disease as it had not been treated in 
heaical books of his time. It is moré }probable tha 
76. 
the appearance of the disease coincides with the date 
from which highly milled rice became popular among rice 
consumers in towns. 
Yakahara, rijiwara, and Lori in their study 
on Cancer development in the liver have noted a cer- 
tain geographical similarity in the occurrence of 
beri -beri and hepatoíia in man. Though tLere is a 
similar geographical distribution there has been no re- 
port of a greater incidence of cirrhosis among suffer) 
ers from Beri -beri; nor did an;, of these cases of in-r 
fantile cirrhosis, show symptoms of beri -beri. , /hat 
exactly was the principle that was lacking in the veg - 
tarian diet of polished rice which while not lacking 
in vitamin B complex yet helped to bring about liver 
damage was the question that required a solution. A 
perusal of the work of Paul Gyorgy and Harry Goldblat 
on the production of liver necrosis in rats on a nutr'- 
tional basis shed some light on the subject. They 
found that in rats placed on a diet that was adequate in 
all essentials, but was wanting in yeast eludate 
(yeast extract) developed extensive necrosis of the 
liver and sometimes cirrhosis. Neale and H. C. Winten 
(1;38) in their experiments on rats found that soxium 
x- anthine and other purine substances, exerted a pro- 
tective action on the liver against carbon -tetra -chlor 
ide toxaemia. 
During the process of milling and polishing the 
rice/it is the germ or embryo that is first to be re- 
moved. It is this germ that is rich in nucleic acid 
77. 
and purine substances in adc ition to the vita -in B 
complex. ó heat germ has often been used as a rich 
source from which to extract nucleic acid. The germ 
of the rice is also rich in the supply of nucleic acid. 
Bearing these facts in mind the present exve -.i. ,ert on 
the effect on the offspring from the administration 
of carbon- tetra -chloride to the pregnant and nursing 
mothers who is fed on a basic diet of polished rice 
was carried out. 
aterial and methods of study. 
The principle difficulty in choosing a diet co i- 
sisting mainly of polished rice was the supply of es- 
sential vitamins without including in the diet at the 
same time the antinecrotic factor. It was found that 
pregnant rats frequently aborted, and that postnatal 
mortality of the litter was high in test animals that 
were fed only on polished rice, vitamin Bu wheat ,; erin 
oil, and cod liver oil. As a result it was decided 
that the expert ment could best be carried out with a 
normal diet during pregnancy and with a special diet 
during lactation. It was impossible because of the 
war to obtain either riboflavine or vitamin B6 from 
any of the chemical firms in Great Britain, and the 
difficulty was partly solved by feeding the animals 
on polished rice with wheat germ oil, cod liver oil, 
vitamin B1 and adding just e _ough yeast to keep the 
litter alive. It was found that unless a certain 
78. 
minimum of yeast was added to the diet of the nursing 
mother the litter did not survive for mare than a weék. 
The basic diet in the experiment consisted of:- 
Polished rice 
Sodium chloride 






0.5 mini:.s . 
10 international 
units. 
(The vitamin BI was obtained in the form of tBenerva 
tablets. 'Roche!. One tablet was dissolved in 
33.3 c.c. of distilled water so that one c.c. con- 
tained ac international units of B1) 
To this varying amounts of yeast and 
sometimes meat and casein were added, depending on 
the experiment. 
Preparation of the diet. The polished rice was 
washed \;ell three times in different changes of water 
and boiled with five times its bulk of Ater for 20 
mins. The excess of water was strained off. dhen 
cold, sodium chloride, cod -liver oil, wheat -germ oil, 
and vitamin B1 were added and mixed well. Rice takes 
up about three ti;ie s its weight of water when boiled, 
and the feed was always kept much in excess of the 
rats requirement. It was found by weighing out what 
was left each day and after making due allowance for 
wastage that a rat consumed per day on an average an 
amount of boiled rice equivalent to 10 grams of un- 
cooked rice. On the protocol of these experiments 
79. 
the amount (bn grams EDE yeast noted is for a diet 
equal to value to 10 grams of uncookecl rice. 
Control. Two rats o . 37 and Yo. 45 were used as 
controls. They were fed during gestation on normal 
diet and during lactation on the basic diet with the 
addition of 1 grain. and 2.5 grams of yeast respective- 
ly. The young were sacrificed at intervals and the 
livers were examined histologically. 
Experiment. Twelve albino rats with a total litter 
of 48 young were employed in this experiment. The 
date of copulation was noted for each animal through 
daily examination for vaginal plugs. The mated ani- 
mals were segrated immediately in separate cages. 
In most cases the injections were started after the 
12th day of gestation. In every case the first dose 
was 0.1 c.c. and the subsequent doses were 0.15 c.c. 
of carbon- tetra- chloride during the period of gesta- 
tion. The expectant mothers were inspected twice 
daily so that the number of young in the litter may 
be checked soon after delivery. The size of the litt -r 
in every case was limited to six by killing off the 
supernumerary. The same day the nursing mother was 
put on the special diet. 
Three animals Nos. 19) 20 and 30 were 
fed on the basic diet supplemented with 2 to 2 ..5 grains 
of yeast; but in the case of No. 20 the yeast was 
discol,tinued from the 10th day of lactation. 
80. 
Control Animals on 6pecial Diet. 





















No. Gest Lact 
37 






















































The normal weights of livers have been estimated from 
Table 1. Hatai. American Journal of Anatomy 15. 1913. 
81 
Experimental production of liver damage in suckling rats whose parent is fed on polished 
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Five animals were fed on the basic diet 
and 1 gram of yeast. The animals were Nos. 11, 17, 
21, 39, 44. 
No. 18 was fed on the basic diet with thé 
addition of 0.5 grams of marmite thrice weekly. 
Two animals Fos. 33 and 79 were fed on 
the basic diet with, 3 grans of meat; but the neat 
was discontinued for the animal No. 33 after the lóth 
day. 
One animal No. 83 was put on the basic 
diet with 3 grams of casein. 
During lactation each animal was injected 
with 0.2 c.c. of carbon -tetra- chloride twice a week 
subcutaneously between the shoulder blades . Jost of 
the litter were weighed soon after delivery and at 
intervals to keep a record of the rate of growth. 
The young were sacrificed from time to time and the 
livers were fixed in 10¡0 fermol- saline for histologi- 
cal examination. 
Observations. 
Effect on control litters of Nos. 37 and 45. 
There was a <._ definite retardation in the 
growth of the litter especially in the case .of litter 
No. 37 whose mother was fed on the basic diet with 
1 gram of yeast. In the case of Igo. 45 the rate of 
growth did not lag far behind those of the control ra 
On normal diet. In all the young the stomach contain 




Fig. XI. Liver of control litter aged 16 days 
showing a hepatic and a portal terminal. 
The cells are well preserved but there is a 
slight infiltration of fat. The cells in 
the centre as well as in the periphery of the 
lobules are well stained. 
H and 3x350. 
Fig. XII Liver of litter 17 /IV wed 29 days whose 
mother had been receiving injections of 
Carbon-tetra-chloride. Note the exaggera- 
tion of the lobular pattern and the finely 
granular surface. 
86. 
not due to starvation. 
Histoloicall The livers of the young did not exhiLit 
much variation from those of the controls whose mothers 
were on normal diet. However in many livers the paren- 
chymal cells were highly vesicular with granular cyto- 
plasm; arid in a few there was a greater amount of fat 
than is normally found in the liver of the young. No 
serious liver damage was observed in any of the livers . 
affect on the litter of the experimental animal 
(1) In the litters Nos. 19, 20 and0 whose mothers 
were fed on the basic diet supplemented with 2 to 2.5 
grams of yeast there was moderate retardation in the 
average gain in weight of the litter; This was 
most marked in the litter of the rat No. 20 in whose 
diet the supplement of yeast was discontinued from the 
10th day. 
In the sucklira the liver chin es were 
striking during the third and fourth week. There was 
extensive hydropic degeneration and fatty_, changes in 
most of the liver cells leaving only islands of healt 
liver cells at the periphery of thelobule in the neig 
bourhood of the Glisson's àbeath. The cells showing 
hydropic degeneration were ballooned out to a. great 
size. The nuclei were pyknotic and the cytoplasm 
scanty and granular. In some of these cells there was 
no stainable cytoplasm and the nuclei had disappeared. 
There was slight lymphocytic and histiocytic infiltra- 
tion in the centre of the lobule where degeneration of 
87. 
the cells were most marked. Iii the healthy peripheral 
zone a number of mitotic figures were observed in the 
parnechymal cells. There was moderate proliferation 
of the Kupffer cells of the sinusoids. Frequently 
the sinusoids were collapsed due to pressure from the 
swollen parenchymal cells. 
In the case of the litter Yo. 20 whose 
parent was deprived of the supplement of yeast in the 
diet after the 10th day the liver showed extensive 
necrobiosis of the parenchyma involving the central 
and the midzonal regions. The cytoplasm of these 
cells took a homogenous pink stain with eosin and 
!many of the nuclei were swollen and stained lightly 
or were condensed and pyknotic. Some of the nuclei 
were undergoing karyorrhexis and lysis. Proliferatio 
of Kupffer cells and histiocytes was marked in the 
necrotic area. Fine globules of fat were frequently 
seen in the necrotic area. In the healthy peripheral 
zones of liver cells abutting on the portal tracks 
numerous mitosis were observed. 
The litter(of t-:ose animals Nos. 11) 17, 
21, 44, whose mothers were fe_ oï, the basic diet 
with 1 gram of :v east, showed a remarkable lag in the 
average gain in weights per litter. Tie young ones 
took a long time to be weaned completely. Yo paraly- 
sis of the limbs were observed in an, the litter a 
there was adequate supply of vitamin B1 in the diet. 
Fig XIII. Liver of Litter lbivi aged 29 days show- 
ing collapse and condensation of reticulum 
beginning at the centre and extending radial- 
ly to the neighbouring lobules. There is 
some collaginization of the reticulum fibres. 
Except for islands of healthy liver cells at 
the periphery of the lobule the rest show 
marked hydropic degeneration. Tae mother of 
the animal was fed on special diet and receiv- 
ed 0.2 c . c of carbon-tetra-chloride twice 
weekly. 
.:Jtij 
''+p i }:. 
H and E x 80. 
,.?iTSE, .. ,1r 
H and x $0 
89. 
The changes in the liver of these were 
most marked during the second, third and fourth week 
of their life, and varied from moderate hydropic de- 
generation to extensive necrotic changes of the paren- 
chyma. In those animals where the hydropic degeneration 
was extensive it was always associated with some degree 
of fatychange and necrosis usually of a few cells in 
the central zone. The cells either appeared foamy or 
as unstained empty vacuoles with centrally or peripher 
ally placed nuclei depending on the degree of the de- 
generation. The neuclei were opaque, and deeply baso- 
philic, or were shrunken and pycnotic. The peripheral 
zone of cells in most cases were healthy and well 
stained. In those cases where the necrosis was the mo_e 
prominent feature three zones were usually made out in 
the lobule: A central zone of cells undergoing necro- 
tic changes which extended outward probably along the 
course of the sublobular veins to the adjacent lobules. 
The cytoplasm of the cells in this area was homogen- 
ous and stained pink wit<. eosin. The nuclei were seen 
to be in various stages of disintegration. Frozen 
sections stained with Sudan III. showed a fine disper- 
sion of fat globules in this area. The intermediate 
zone consisted of a layer of single cells which were 
marked-by hydropic. The peripheral zone of healthy 
cells were distributed chiefly around the portal tract 
and were stained a normal bluish pink. In the portal 
tracts the vein, arter - and duct tw ere unaffected. 
Fig COI. Liver of litter 20/II aged 23 days showing 
necrosis and hydropic degeneration of liver 
cells in the centre of the lobule, and healthy 
cells at the periphery. Numerous mitotic fig- 
ures are seen in the field. 
H and E x 500. 
gin 





rah 20 which had received 9 in- 
0.2 c.c. of carbon -tetrachloride 
of 3 to 4 days during lactation. 
show slight fatty change. No 
hydropic degeneration is observed. 
H and E x 80. 
91. 
The litter of tae animal, Yo. 18, which had 0.5 grams 
of marmite thrice a weer along with the basic diet 
showed the s&Lle retardation of growth as seen in the 
previous set of litters; but the changes in te liver 
were slightly different. In the second and third weep 
hydropic degeneration of the cells was the outstanding 
feature in the liver; but in the third and fourth 
wee.z the appearance of the section was that of a pre - 
cirrhotic liver, monolobular in type. There was col- 
lapse and condensation of the reticulum of the cen- 
tral zone with proliferation of fibroblasts radiating 
outwards along the course of the sub- lobular vein to 
the adjacent lobules. In sections stained with Heiden 
Main t s azan stain a few bands of collagenized fibrous 
tissue were seen in the fibroblastic extension. The 
parenchymal cells, except for a narrow zone around the 
canal showed varying degrees of hydropic change 
There was a slight cellular increase in the portal 
tracts. 
The litters of the two animals 1-o. j and 
79 which were fed on basic diet supplemented with .1 
grams of meat thrived well and the average gain in 
weight did not lag far behind the controls in the ani-- 
mal No. 79, whose ration of meat was continued. ihereL 
as in the second animal Yo. 33, where the meat was 
disco_tinued on the 16th day there was a definite re- 
tardation subsequently in the weight of the litter. 
The histological picture of tae liver in 
the two litters was similar in appearance during the 
Q'Th 
Fig XVII. Liver of litter 33 /i1 aged 16 days whose 
mother was fed on basic diet and 3 grams 
of meat while receiving 0.2 c.ce of carbon - 
tetra- chloride twice Teekly at the same time. 
blight fatty change at the centre of the 
lobule is observed. otherwise the liver cells 
are well preserved. H and E x 20. 
Fig.XVIII . Liver of litter 33 /1IT aged 23 days show'. 
ing the marked degenerative changes in the 
liver when the meat in the diet* of the mother 
was discontinued from the 16th. Three zones 
can be distinguished in the lobule. The cen- 
tral zone showing necrosis. The middle zone 
where the cells are hydropic and the peripher- 
al healthy zone of liver cells abutting on 
the Glisson's úheath. 
H and E x 80. 
*16t1; day of lactation.. 
Fig. XIX. Liver of litter 39 /1I aged 26 days 
whose mother was on special diet and was 
receiving injections of Carbon-tetra-chlor- 
ide. Note the area of central necrosis mid - 
zonal hydropic degeneration and the peri- 
pheral healthy zone. 
H and E x 300. 
Fig xx. Liver of litter 79411 aged 24 days whose 
mother was fed on the basic diet supplemented 
with 3 grams of meat daily while receiving 
o92 c.c. of carbon-tetra-chloride twice week- 
ly at the same time. Parnchymal cells are 
well stained and healthy. There is only a 
slight infiltration of at in the cells. 
H and E x 300. 
94. 
first two weeks. There was slight fatty change in the 
cells of the central and midzonal regions but the nuc 
were well stained and there was no evidence of 
serious liver damage. The wall of the radicles of 
the hepatic vein was relkaxed. The portal veins were 
distended with red cells, but the sinusoids were col- 
lapsed and empty. There was no apparent proliferation_ 
of Kupffer cells. In the third and fourth weeks the 
litter of the animal No. 79, which had meat in its 
diet, continued to show the same changes in the liver 
while the litter of the animal No. 33., which was de- 
prived of the supplementary meat after the 16th day 
showed extensive hydropic and fatty degeneration of t e 
parenchymal cells of the liver involving the whole to 
ule leaving only islands of unaffected liver cells at the 
periphery around the portal tracts. There was some 
collapse of liver cells and condensation of the reticu 
lum in f.to irregularly radiating bands which spread out 
from the centre; but there was no evidence of colla- 
genization of the reticulum fibres. The cells near 
the portal tracts showed mitotic figures ,and a few were 
binucle5ted. 
The litter of the rat No. Rn which was 
fed wi.h 3 grams of casein in addition to the basic 
diet showed a moderate gain in weight each week. The 
liver of the young during the first week was markedly 
hydropic in the central and midzonal regions of the 
lobule which over shadowed the fatty change that was 
present in some of the cells. Numerous foci of 
Fig XXI. Liver of litter 83 /II aged 6 days whose 
mother was fed on the basic diet supplemated 
with 3 grams of casein during the experiment. 
The cells show marked hydrepic degeneration 
and fatty change in the central and mid - 
zonal regions. 
H and Ex350. 
Fig «II. Liver of litter 83/VI when it was 22 days 
old. The degenerative changes are less in- 
tense. 'Moderate but diffuse fatty change is 
seen in all the liver cells. There is no 
hydropic degeneration or necrosis. 
H and Ex75. 
96. 
h .emopoesis were distributed throughout the sub- 
stance of the liver but these were not affected. The 
parenchymal cells at the periphery were free from 
these changes; In the third and fourth weeks the 
liver damage was much less in evidence. There was nó 
hydropic degeneration but numerous fine globules of 
fat were seen to be widely dispersed in the cells 
throughout the lobule. There was no necrosis, or 
signs of regeneration of liver cells. 
Effect on the pareht. There was a gradual de-1 
cline in the body weight of all the experimental ani- 
mals; but in no case did the injections cause. the 
death of the animal. The liver dama .,:e varied slight- 
ly in the individual cases. Microscopically the 
change frequently seen was moderate fatty degenera- 
tion of the-parenchymal cells either central or dif- 
fuse in distribution. Very rarely a few liver cells 
in the centre of the lobule had undergone necrosis, 
with subsequent proliferation of histocytes and fi- 
broblasts limited to the affected region. There was 
no increase of fibrous tissue in any of the livers. 
The portal tracts showed no cellular infiltration 
and the cells in the outer and mid- -zones of the 
lobule were healthy. 
Y. 
(1) The effect on the liver of sucklings whose 
mothers were fed on polished rice and vitamins 
supplemented with either yeast, meat or casein and 
subjected at the same time to the action of carbon- 
tetra- chloride were studied. 
(2) Extensive necrosis and hydropic degeneration 
were observed in the livers of the sucklings whose 
mothers were partially deprived of either 'yeast or 
meat in the diet. The eneral effect on these ani- 
mals was to produce a striking retardation of their 
growth. 
(3) Even on the fifth week the young were not com- 
pletely weaned, and the livers continued to s.ow de- 
generative changes 
(4) The greater the amount of yeast, meat, or cas- 
ein in the diet of the mother the less the degenera- 
tive changes observed in the liver of the suckling; 
but of the three diets casein had the least protec- 
tive action. 
(5) The livers of the nftrsing mothers who were re- 
ceiving the sa. ae dose of Carbon -tetra- chloride as th 
nonpregnant control animals showed. only slight evi- 
dence of liver change in marked contrast to the ex- 
tensive necrotic and degenerative changes seen in th 
controls. 
58. 
Factors that oppose the aevelopment 
of iniantile ci rnosis. 
Introduction. 
A review of the literature on'in- 
fantilec irrhosis" revealed that a diet of cereals 
other than polished rice or a diet of polished rice 
with animal proteins produced a definite immunity 
against this disease. This hypothesis accords with 
the observed facts that :- 
1) The disease is not seen in districts where the 
cultivation is dry, i.e.? cultivation of wheat 
and millets. 
(2) The immunity from the disease er¡pyed by the 
poorer class of people whose staple diet is the 
cheaper millets and parboiled unpolished rice with 
the addition now and then of animal protein. 
(3) The disease is unknown among the European* and 
Anglo-indian* Communities in India, and occurs less 
frequently in Mohammedans and Indian christians 
who take a mixed diet of animal protein and pol- 
ished rice. 
This hypothesis does not take one far in arriving 
at a definite conclusion regarding the specific factor 
or factors that are present in the rice germ or ani- 
mal protein which inhibits the action of a cirrhogenic 
toxin on the liver. 
*Green Armytage has reported cases in Anglo- indians 
and Europeans but since he observes that strict limi- 
tation in diet or semi- starvation for a week or 10 
days cured the disease it is evident that the condi- 
tion ziehtioñed by him is not 'infantile cirrhosis'. 
99. 
Various substances have been credited with having 
a protective action on the liver. It was reported by 
Opie and Alfred (1y13) that fats increased the sus- 
ceptibility of rat to chloroform; but on the other 
hand carbohydrates were found by Graham (1915) to 
protect the liver against chloroform. Davis and 
Whipple (1919) found that in starving dogs chloroform 
produces a more deleterious action on the liver than 
in dogs fed with either proteins or carbohydrates; 
but they did not state that glycogen itself has a pro- 
tective action. Davis (1923 -24) suggested that glu- 
dose exerted a protective action on the liver; but 
Chandler and Chopra (1926) in their experiments on 
dogs could not demonstrate any protective action 
from the administration of sugar before carbonttetra- 
chloride. William Von Glahn and Frederick Flinn 
from their investigation on the action of lead- arsen- 
ate on the liver found that the presence of glycogen 
in the liver did not influence the changes in the 
parenchyma. Graham (1920) believed that sodium bi- 
carbonate lessened the susceptibility to chloroform 
poisoning. Minot and Cutler (1928) demonstrated 
that a high calcium diet in dogs helped them to with- 
stand carbon -tetra- chloried toxaemia; but the extent 
of liver damage was not reduced. Wokes (1933) did 
not find that a high calcium diet exerted any protec- 
tive action in mice against carbon -tetra -chloried. 
In recent years the importance of cholein the 
diet to prevent the fatty infiltration of livers 
100. 
due to damage by chloroform or carbon -tetra- chloride 
has been emphasized by Best, MacLean and Kielout 
(1935), Barrett Best, MacLean and Ridout (1G39 -40) 
and others. However they do not state that choline 
protects against liver damage or that it can prevent 
necrosis of the liver cells. Forbes, Neale and 
Scherer (1936) found that large doses of choline 
did not protect the liver against carbon- tetra- chlor- 
ide and chloroform. 
Of more interest is the claim made by sato(1926) 
of a liver harmone "yakriton" prepared from ox liver 
which prevented necrosis of liver cells. Later 
Forbes, Neale, and Scherer (1936) prepared a liver 
extract which reduced the susceptibility of rats to 
carbon - tetra - chloride and chloroform. Forbes and 
McConnell (1937) identified the specific substance 
as sodium- xanthine. Further experiments by Barrett, 
MacLean and McHenry (1938) confirmed this observation. 
0. Garth Fitzhugh (1940) found that sodium xanthine 
exerted a protective action on the liver against 
carbon -tetra -chloride; but thate was no evidence 
that it stimulated the regeneration of liver cells 
after damage. ñavdin, Samuel Goldschmidt and Harry 
M. Vars (1939) from their experiments found that 
Sodium xanthine was not a specific protective agent, 
and that the process involved was a stimulation of 
the protective mechanism secondary to the tissue ne- 
crosis at the site of injection. Forbes and Outl,louse 
(1940)observed that the injection of Sodium xanthine, 
101. 
sodium ricinoleate and tricalcicum phosphate caused 
a reduction of serum esterase concentration which in- 
creased the resistance of the liver to toxins. 
Paul Gyorgy and Harry Goldblatt (1939) found 
that rats fed on a diet lacking only in yeast elu- 
date or yeast extract developed liver necrosis. 
They observed also that the diet was deficient in 
purine bases. Arnold Rich and John Hamilton (1940) 
demonstrated that rabbits fed on a diet which w as 
wanting only in yeast developed cirrhosis. They sug- 
gested that the lesion was due to the lack of a 
specific type of protein present in the yeast. Neale 
and Winter (1938) observed that besides sodium xan- 
thine) other purine bodies including guanosine, guan- 
ine) hypoxanthine and uric acid exerted a protective 
action on the liver. 
In the present study it was decided to administer 
nucleic acid orally to the mother rats in order to 
eliminate the additional factor of a local and gen- 
eral reaction which follows subcutaneous injection, 
and to observe if it will have any protective ac- 
tion on the liver of the sucklings. In addition to 
this further investigations were carried out in or- 
der to observe if nucleic acid administered to non - 
pregnant adult rats will in any way prevent or lessen 
necrosis of the liver induced by subcutaneous injec- 
tions of carbon -tetra- chloride. 
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Experimental determination of immunity from 
liver damage in sucklings whose parent is fed 
on polished rice vitamins,ùnd neucleic acid 
and is subjected at the same time to the action 
of cirrhogenic toxins. 
Material and Methods of Study:. 
Ten albino rats with a total litter of 53 were em- 
ployed in this experiement. The mated females were 
segregated in separate cages immediately after the 
vaginal plug was seen. Nucleic acid was given by 
stomach tube four times weekly; followed after the 
second and fourth doses by injections of CarbonTtet- 
ra- chloride. Nucleic acid in the form of sodium 
nucleinate was started on a different day of gesta- 
tion for each animal, and the dosage varied from 0.2 
grams to 0.35 grams dissolved in 2 c.c. of water two 
to four times a week. The dosage of carbon- tetra- 
chloride as in the previous experiments was to start 
the injection with 0.1 c.c. and follow it by 015 c.c. 
twice a week during gestation, and after delivery the 
dosage was increased to 0.2 c.c. twice a week. The 
animals were fed on normal diet till they littered; 
afterwards they were put on the basic diet as in the 
previous experiments. 
When it was decided to administer nucleic acid 
by mouth the usual procedure of mixing the substance along 
with the food was not tried as it is almost impossible 
to state with any accuracy the amount of nucleic acid 
that the animal might have taken. Furthermore as the 
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Experimental determination of immunity from liver damage in sucklings whose parent is fed on 
polished rice, vitamins, and nucleic acid and is subjected at the same time to the action of 
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salt is unpalatable there was always the risk of 
putting the animal off its feed by mixing with it, 
the substance. The present technique was evolved 
out of many attempts, which were either partially or 
completely unsuccessful. The following metnoa was 
found to oe very successful since out of more than 
300 stomach tube feedings there were only two deaths 
from asphyxia. 
Technique for using a stomach tube on rat without 
anaesthesia. 
Apparatus required:- (1) A two c.c. syringe. (2) A 
wide bore needß.,e. (3) Capillary rubber tubing 
which can be obtained from any surgical instrument 
makers. (4) A piece of string 2 m.m. in thickness 
and about 9 ins. in length (5) tissue forceps. 
iviethod. The needle is broken off at the stem 
and the tip of the stem is filed down to form a 
pointed stalk up which the capillary tubing could 
be easily pushed, a lubricant of vaseline being used 
if necessary. About 4 ins. of the rubber tubing 
will be the correct length. The stem of the needle 
fitted with the capillary tubing is attached to the 
syringe in the usual way whenever it is to be useu. 
The piece of string is threaded through capillary 
tubing an inch long and the tubing is gradually 
pushed half way up the length of the string. The 
assistant grasps the rat with the left hand by means 
of the loose skin over the shoulder and nape of the 
neck taking care not to throttle the animal through 
Fig. VIII. 'Technique of employing a stomach 
tube on the rat without anaesthesia. 
109. 
excessive pressure on the integument or to immobolize 
the chest wall. ?íith the right hand he passes the 
thread over the upper jaw so that the middle of the 
length of the thread with the capillary tubing forms 
a loop just proximal to the upper incisors with the 
result that the upper jaw is held firmly within the 
loop, and the curved incisors of the upper jaw pre- 
vent effectively any attempt on the part of the rat 
to struggle free. The capillary tubing on the 
string is to safeguard against injury to the upper 
lip of the rat. údhen the stomach tube is about to 
be passed in, the assistant pulls the upper jaw 
backward by means of the string and tightens the 
loop so as to close the nostrils of the animal. The 
rat always opens its mouth wide to breathe. With the 
help of the tissue forceps the capillary tubing at- 
tached to the syringe is gently pushed down the throat 
into the stomach. A little pressure on the tongue 
of the rat with the forceps will prevent any attempt 
by the rat to eject the tube. At least 2 indhes of 
the length of rubber tubing measuring from the inci- 
sors should have passed down before any attempt is 
made to push in the fluid, otherwise there is always 
the risk of regurgitation of the fluid and a compli- 
cation with broncho- pneumonia. If the syringe is 
held vertically the weight of the piston is enough 
to inject the fluid gently into the stomach. Caution 
must be exercised,not to inject too large a quantity 
of fluid,nor to distend the stomach suddenly by a 
quick push of the piston. As a little carelessness 
in not attending to these details may cause death of 
the animal from shock. It is best to put in the stom- 
ach tube in the morning before the animal is fed, 
and a maximum quantity of 2 c.c. is well tolerated 
by rats weighing 1)0 grams. ,pith a little experience 
the stomach tube can be passed in ana the rluia in- 
jectea within two to three minutes for a rat. 
Observations. 
Effect on the litter. In spite of the fact that 
the mothers were fed on the basic diet the young 
thrived well, just as well as the litter of the ani- 
miis which were fed on a normal diet curing the ex- 
periment. The litter of the animals that received 
larger doses Hof nucleic acid showed greater gain in 
weight than those of the animals which were given a 
smaller dose. This could only be accounted for by 
assuming that the nucleic acid plays a great part in 
the secretion of a milk having growth promoting 
properties. The young in these experiments were 
weaned sooner than in the previous ones. 
The litter or animal 1\oA which received the 
minimum dose of nculeic acid, 0.2 grams, 3 times a 
week, showed during the first and second week wide 
spread hydropic degeneration of the liver cells 
throughout the lobule except for a narrow margin of 
healthy cells abutting on the Glisson's sheath. The 
cytoplasm or the affected cells were foamy and had 
Fig XXIV. Liver of litter 84 /IV aged 15 days whose 
mother was fed on the basic diet and large 
doses of nucleic acid and was injected with 
0.2 c.c. of carbon -tetra- cgloride twice 
weekly. The liver cells show slight fatty 
change. No degenerative or necrotic 
changes are observed. 
HUndEx85. 
cr XXV y0 Liver of litter 84 vi aged 20 days show- 
ing slight fatty change in the parenchyma. 
1.1 2_ 
Fig XXVI. Liver of nursing mother rat 87 which was 
fed on the basic diet and nucliec acid and 
had received 8 injections of 0.2 c.c. of 
carbon -tetra- chloride at intervals of 3 or 
4 days. A hepatic and a portal venous ter- 
minals are in the field. There is no necro- 
sis of the parenchyma, and the fatty change 
is slight. H and F x 350. 
Fig XXVTI. Liver of Litter 89 /III aged 20 days whose 
mother was fed on the basic diet and large 
doses of nucleic acid and received injec- 
tions of carbon -tetra- chloride. A hepatic 
and a portal venous t-ermixls P.re in the 
field. The cytoplasm of the parenchymal 
cells is slightly, granular but is well 
stained. The fatty change is slight; not 
greater than what is sometimes normally 
seen in the liver of young animals. 
H and E x 300. 
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Fig XXVIII. Liver of litter 94/ITI aged 11 days) 
whose mother was fed on the basic diet with 
large doses of nucleic acid and injected 
with 0.2 c.c. of carbon-tetra-chloride 
twice weekly. A hepatic and a portal ter- 
minals are in the field. The cells ese 
normal. 
H and Fx300. 
Fig XXIX. Liver of litter 99/v aged 18 days, whose 
mother was given minimum dosed of nucleic 
acid during the experiment. The cells in 
the centre of the lobule have undergone 
coagulation necrosis. 
H and x300. 
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centrally placea pyknotic nuclei. The sinusoids 
were collapsed through pressure by the swollen spher- 
oidal liver cells. The vessels ana the duct in the 
portal canal were healthy. The hepatic venous rani - 
cals were xelaxea. There was no central necrosis. 
jiuring the jra week the liver of the same litter 
showea coagulation necrosis of the centre of une 
booule. The affectea cells were stainea a light 
salmon pink with eosin. The cytoplasm was homogenous 
and shrunken with an irregular cell outline. The 
nuclei were absent in most o-r the cells and those that 
were present were seen to be in various stages of 
disintegration. There was slight proliferation of 
Kupffer cells and these were polymorphic and swollen. 
Wide margins of cells around the portal canal were 
normal. By the 5th week the liver of the young had 
almost assumed its normal appearance except for a 
slight increase of the fat content of the cells in 
the centre of the lobule. 
The changes in the livers of the other litters var- 
ied but slightly. The litters of these animals r e- 
ceiving the maximum dose of nucleic acid showed the 
least degenerative changes in the liver. 
The liver of the new born was almost normal except 
for slight vacuolation of some of the parenchymal 
cells. The cells were slightly basophilic with nuclei 
containing well stained chromatin and prominent nuc- 
leoli. The sinusoids were open and contained some red 
cells. The haemopoetic foci were healthy and normal 
in distribution. 
During the first and second weeks there was a 
slight but diffuse fatty change affecting most of the 
parenchymal cells while a narrow zone of c ells around 
the portal canals remained normal. In some livers 
the fatty change involved only the centre of the lobules. 
In The third and fourth weeks these changes were 
less noticeable, and were localised to the centre of 
the lobule. However it was much less in extent than 
what was seen in the livers of the litters whose 
mothers were on normal diet during the experiment. 
The cytoplasm of the cells was slightly granular but 
the nuclei and the nucleoli were well stained. The 
branches of the hepatic and portal veins were normal. 
By the fifth week no differentiation could be 
made out between the liver of the control litter and 
those of the experimental ones. In one) Yo. 107 /V 
there was marked cellular reaction around the branches 
of the hepatic vein as well as in the Glisson's Sheath. 
There was no necrosis or fatty change in the parenchy- 
mal cells. 
Effect on the parent rat. 
There was no instance of 
abortion or of premature delivery as the dose of car- 
bon- tetra - chloride administered during gestation was 
less than the toxic dose. During lactation though the 
animals were receiving 0.2 c.c., a toxic dose, and were 
being fed on the basic diet containing vitamin BI; 
but deficient in B complex, yet the decline in weight 
was not striking. 
Fig. .ßùt. Liver of litter 107/v aged 30 days whose 
mother was given larged doses of nucleic 
acid during the experiment. The parenchymal 
cells are healthy; but numerous histocytes 
are obvious in the portal tract. 
H and E x 300. 
F 
Fig XXXI. Liver of new born litter 10b/I whose 
mother was given large doses of nuleic 
acid during the experiment. The cytoplasm 
of the parenchyma is slightly granular,but 
well stained and healthy. M. Megakaryocytes. 
F. Foci of haemopoesis. 
117. 
The liver damage was chiefly in the nature of 
fatty change which varied in intensity from slight to 
extensive. In two animals No. 90 and No. 99 besides 
the fatty change necrosis of a few cells confined to a 
narrow fringe of cells around the central veins was 
observed. The liver of Yo. 87 was almcs t normal ex- 
cept for a slight granula1ity of the cytoplasm of the 
parenchyma. 
;àUMMA EY. 
(1) The effect on the liver of suckling rats whose 
mothers were fed on polished rice, and vitamins, 
supplemented with oral administration of definite 
doses of nucleic acid, and subjected at the same 
time to the action of carbon -tetra -chloride, were 
studied. 
(2) The observations indicate that the oral administra- 
tion of nucleic acid to the mother in doses of 
0.35 grams four times a week ensures a marked pro- 
tection against liver damage in sucklings when 
carbon- tetra - chloride is injected into the mother. 
(3) However when the dosage of nucleic acid to the 
mother is reduced to 0.2 grams three times a week 
it fails to protect the liver of the sucklings 
against injury. 
(4) Sucklings whose mother is fed on a low protein 
diet of polished rice show a striking gain in 
weight with the addition of nucleic acid to the 
diet of the mother. 
(5) 
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As observed in the previous experiments injections 
of toxic doses of carbon-tetra-chloride to the 
nursing mother rat does not produce as deleter- 
ious an affect on the liver as in the case of 
the normal adult rats. 
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Experimental study on the effect on 
the liver due to oral administration 
of nucleic acid to non -pregnant 
adult rats in carbon- tetra - chloride toxaemia. 
Material and Methods of study. 
In this experiment 28 
albino rats were employed of which 14 were controls. 
Fourteen experiments were carried out on the whole. 
Each experiment included the observation of the result 
of carbon -tetra- chloride toxaemia on a control rat of 
more or less the same weight and kept under identical 
conditions in the same cage. In the experimental ani- 
mals nucleic acid in the form of sodium ñucleinate 
dissolved in distilled water was administered by means 
of a stomach tube in a single dose, or on consecutive 
days depending on the dosage of the nucleic acid. A 
maximum of 0.5 grams in 2 c.c. of distilled water can 
be given at a time; but larger doses had to be given 
on successive days. Forty -eight hours after the last 
dose carbon- tetra- chloride was injected subcutaneously 
in doses varying from 0.5 c.c. to 0.1 c.c. per 100 
grams body weight. The control animals were injected 
with the same dose of carbon -tetra- chloride at the 
same time. The animals tolerated these single large 
roses of carbon -tetra- chloride well; while a much 
smaller dose at frequent intervals killed the animals. 
It is also probable that the ability to withstand these 
large doses) as compared with that of Cameron and 
Karuneratne (1936) was due to the diet o dog biscuits 
120. 
Protective action in the growing rats due to the oral administration of Nucleic acid 
















































c2 B11 a= 0.15 78.6 5.5 5.05 1. 24 
2 
E2 A11 0.5 0.15 80.1 6.1 5.1 1.2 20 
C3 BmII -- 0.1 100.5 7.1 6 1.2 
3 
E3 AII1 0.4 0.1 83.5 4.3 5.25 0.8 
C4 B1V -- 0.1 100 8.2 6 1.4 
4 
E4 AIV 9.4 C.1 80.2 4.1 5.1 0.8 
C5 BV -- 0.1 125 6.0 7.1 0.8 
5 
E5 AV 0.6 0.1 120 5.3 6.9 0.8 
C6 BV1 0.1 112 5.4 6.6 0.8 32 
6 
E6 Avl 0.6 0.1 110 5. 6.5 0.7 18 
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Protective action in adult rats due to the oral administration of nucleic acid against 
































C7 76 -- 0.5 240 15.5 11.45 1.4 33 
.w7 ?7 1.0 U.5 22U 12.7 10.35 1.2 13 
C8 82 -- U.25 245 15.1 11.5 1.3 51 
2 
E6 81 1.2 U.25 300 20.1 13 1.5 25 
C9 92 -- (425 146 7.1 8 0.9 34 
3 .69 91 0.3 0.25 143 8 7.8 1 14. 
CID 101 -- 0.2 201.5 11.4 10 1.1 
4 
.6lU 103 1.0 0.2 203 9.5 1U 0.95 
C11 104 -- 0.2 149.5 8.4 6.1 1 
5 
Ell 102 1.2 0.2 150 7.1 8.1 0.9 
C'12 106 -- 0.2 152 8. 8.2 1. 
6 
E12 105 0.9 0.2 148 7.9 8.1 1. 
C13 110 -.- 0.2 147 7.6 8.05 0.95 
X13 111 0.5 0.2 148 6.4 8.1 0.8 
---- C14 112 -- 




113 1.8 0.2 148 6.2 8.1 0.8 
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which contains a large percentage of horse flesh. 
The animals were killed 48 hours after the injection 
of carbon-tetra-chloride and the livers were fixed in 
105% formol- saline . sections from paraffin blocks were 
stained with Mayer's haemalum and eosin for routine 
study. Frozen sections were stained with Sudan III. 
and counter -stained with haematoxylin for fat. In the 
sections the proportion of necrotic areas to healthy 
areas were calculated in all the experiments with acute 
toxaemia. The image of the sections was projected on 
graph paper, and the nacrotic areas were marked out 
in pencil, . By counting the number of squares in the 
necrotic and healthy areas the proportion of each was 
ascertained. For each section a minimum of five fields 
were,_, studied. 
result. 
Toxic doses of 0.25 to 0.5 c.c. of carbon- tetra- 
chloride prodaced similar naked -eye changes in the 
control as well as in the experimental animals. The 
livers were markedly enlarged inelastic and soft; but 
they were more so in the case of control animals. The 
surface was uneven, and pale yellow in colour with red 
mottling. 
Microscopically the liver of the control animals 
exhibited central necrosis of varying degree character- 
ized by a homogenous or vacuolated cytoplasm which took 
a pink stain with eosin and karyorrhexis and lysis of 
many of the nuclei. The extent of necrosis varied in 
each liver and such areas were fringed by a single 
123. 
layer of cells showing marked hydropic degeneration. 
The Kupffer cells were swollen and prominent with pyk- 
notic nuclei âïld faintly stained cytoplasm. Tne sinu- 
soids were in many cases distended with red cells and 
the central veins were seen to have ruptured in a few 
livers. The peripheral zone of cells were well pre- 
served especially those which were nearest to the portal 
canal. The portal vein, hepatic artery and bile duct 
were Yealthy. 
The liver of the experimental animals which received 
the same dose of carbon-tetra-chloride showed a slight- 
ly different picture under the microscope. Compared 
to the controls the extent of necrosis was much less 
and in a few it was localized to a narrow margin of 
sells around the central vein. The characteristic 
feature in many of the livers was the striking increase 
ofmononuclear cells in the centre of the lobule. 
It was difficult to state with any certainty if these 
were proliferated Kupffer cells or histiocytes of other 
origin. No polymorphs as observed by Bollman and Mann 
(1931) in their experiments on dogs were noted in these 
cases. sometimes a few lymphocytes were seen in the 
cellular infiltration. Congestion 4' the vessels was not 
a marked feature in these livers. A large percentage 
of the cells were well preserved and took the normal 
bluish pink stain. Bo abnormal increase in the mitosis 
of liver cells was observed. The Glisson's Sheath fre- 
some 
quently showed /infiltration with mononuclear bells, 
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Fig. XXXII. Liver of control rat 76 which had receiv- 
ed an injection of 0.5 c.c. of carbon- tetra- 
chloride per 100 grams body weight. Liver 
shows extensive necrosis affecting 33;, of 
the lobule. A single layer of hydropic 
cells separates the normal from the necrotic 
cells. Very few inflammatory cells are 
seen in the necrotic area. H and E x 70. 
ig XXXIII. Liver of rat 77 which had been administerEd 
:orally 1 gram of nucleic acid in two doses 
48 hours prior to an injection of 0.5 c.c. 
of carbon-tetra-chloride per 100 grams body 
weight. Approximately 13% of the lobule is 
necrotic. The necrotic debris is infiltrated 
with numerous histocytes. 
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Fig. XXXIV. Liver of control rat 82 which was in- 
jected with 0.25 c.c. of carbon- tetra- chlor- 
ide per 100 grains body weight 51.1% of the 
lobule is necrotic. There is no infiltra- 
tion with inflammatory cells. 
Fig. AXV. Liver of rat ól which had been administered 
1.2 grams of nucleic acid in two aoses orally 
48 hours prior to the injection of u.25 c.c. 
of carbon -tetra- chloride per 100 grams body 
weight. 25% of the lobule is necrotic. The 
necrotic area is infiltrated with a few hist- 
cyte s . 
12 J 
Fig. XXXVI.. Liver of control rat lOb which had 
been injected with 0.2 c.c. of carbon - 
tetra- chloride per 100Ebody weight. There 
is marked central necrosis without any 
apparent cell infiltration. 
Fig. XXXVII. Liver of rat 105 which had received 
0.9 grams of nucleic acid in two doses 
prior to the injection of 0.2 c.c. of 
carbon - tetra -chloride per 100 grams body 
weight. There is a dense infiltration 
of histiocytes around the hepatic as 
well as the portal terminals. 
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In those experiments where the controls as well as 
the experimental animals received carbon -tetra -chloride 
in doses of 0.2 c.c. or less, per 100 grams body weight 
no enlargement of the livers were observed when com- 
pared with Hatai's chart 3 for estimated normal weight 
of the liver. It is possible that the nature of the 
diet plays a part in the fluctuation of the weight of 
normal liver. However when compared with the experi- 
mental animals, the livers of the control animals always 
showed greater weight. 
Microscopically the control livers showed vary- 
ing degrees of necrosis, hydropic degeneration and 
fatty change in the parencbyMa. The necrosis was usual- 
ly confined to a small area in the centre of the lobule; 
the rest of the central and part of the middle zone 
were frequently the seat of extensive fatty change. 
In some) marked congestion and distension of the central 
veins and the sinusoids were the chief features. 
In the experimental animals degenerative and ne- 
erotic changes were seen less frequently. Moderate 
fatty change was observed in many livers; and a few 
did not show any abnormal change in spite of the large 
dose of carbon- tetra -chloride. Cellular infiltration 
with mononuclears was frequently observed, especially 
around the central veins) and sometimes in the Glisson ' s 
Sheath as well. Mitotic figures were not more fre- 
quently seen than in normal livers. 
SUMMA ti 
Oral administration of nucleic acid to experi- 
mental rats 48 hours prior to the injection of large 
doses of carbon- tetra- chloride had the effect of re- 
ducing the extent of liver damage as compared with 
that seen in control animals. 
Infiltration of the centre of the lobule and the 
portal canals with mononuclears was an outstanding 
feature in the livers of many of the experimental ani- 
mals. 
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DI,CUäI ON . 
Liver Damage In äucklings . 
The susceptibility of young animals to chloroform 
and carbon-tetra-chloride toxaemia halo been studied 
by a few investigators; but there is a marked dis- 
crepancy between their evidences. Jhipple and perry 
(190;) observed that though animals varied widely in 
their susceptibility to chloroform the young were 
more susceptible to this drug. Gardner et al (1925) 
found that in puppies oral administration of carbon - 
tetra- chloride was much more toxic than in adult dogs. 
whipple (1912) observed that puppies were less suscep- 
tible to chloroform anaesthesia in the first three 
weeks of life. Cameron and Karunaratne (1936) found 
from their investigations that young rats were able 
to tolerate bulk for bulk about 15 times the toxic 
dose for a fully grown animal when administered.sub- 
cutaneously. A similar observation was made in this 
laboratory when a few test litters were given subcu- 
taneously injections of carbon-tetra-chloride. Yet 
the administration of 0.2 c.c. of carbon-- tetra- chlor- 
ide repeatedly to the mother rat produced degenerative 
changes in the liver of the suckling. The only explana- 
tion that can be offered is that given by Cameron and 
Karunaratne that circulatory relationship may be dif- 
ferent in the young animals and adults. This explains 
the increased susceptibility of puppies to chloroform 
when given by the mouth; an observation from which it 
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can be inferred that portal circulation plays a great- 
er part in the nutrition and maintenance of liver 
cells in the young than the hepatic artery. Apparently 
either a subcutaneous injection or a toxin inhaled 
through the lung will affect the liver of the young to 
a much lesser extent than when it is given by mouth. 
This hypothesis is borne out by the experimental work 
of Cameron and Mayes (1930) on very young rabbits in 
whom ligation of hepatic artery did not result in pal 
infarct of the liver as it did in the adult. Accord - 
ing to '. ells (1925) Carbon- tetra -chloride when admini - 
tered orally occurs in very high concentr i.on in the 
portal vein and in the liver. Robbins (1929) has mad 
a similar statement. Schultz, Hall, and Baker (1923) 
found that when chloroform was injected directly into 
the portal vein of dogs, caused an extensive necrosis 
where groups of lobules were destroyed, and that the 
hepatic cells in the periphery of the lobule were 
chiefly affected. This finding indicates the greater 
toxicity of the drug when it reaches the liver thr oug 
the portal stream. It is passible that in the young 
animals cirrhogenic toxin when injected subcutaneousl 
is detoxicated in other tissues before it reaches the 
liver through the hepatic artery and portal vein, 
whereas when it reaches the alimentary tract along wits 
the milk, it is present in the portal circulation in 
sufficiently high concentrations to injure the paren- 
chyma of the liver. In the present study it was foun 
that as a rule there was more degenerative changes in 
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the liver of the suckling than what was found in the 
nursing mother rat which actually received the toxic 
doses of carbon-tetra-chloride. It is evident that 
carbon -tetra -chloride was being rapidly excreted 
through the milk and that only a small percentage of 
the drug came in contact with the liver cells of the 
mother. Another observation of interest which was 
made during these investigations was that trypan blue 
in a coJ oictal solution in water was neither excreted 
through the kidney, nor did it pass through the placenta 
but on the other hand it was found to pass freely 
through the mammary secretion. It is not surpri4ing 
that carbon- tetra- chloride a fat soluble substance 
should be found in large concentration in the milk of 
the nursing mother when the drug was administered to 
it. The result of these experiments justify the sug- 
gestion that the probable cause of infantile cirrhosis, 
taking into account the familial tendency, and the im- 
provement in the condition of the child on cessation 
of breast feeding, is that it is due to a toxin of 
maternal origin which injures the liver of the feetus 
in utero and is continued to be given through the milk 
in postnatal life. 
Polished rice as an etiological factor in liver damage. 
From a study of the distribution of infantile cirr- 
hosis one cannot help being struck by the fact that it 
occurs chiefly in the rice growing district and among 
the rice eating population. This fact even though it 
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may have attracted the attention of a few observers, 
failed to impress the majority, as it was taken for 
-ranted that a high carbohydrate diet offered the 
best protection_ against liver damage, though the 
available experimental data does not justify that 
conclusion. The importance of protein in the preven- 
tion of liver damage has not been fully studied up 
till now, and the observation of Opic and r1.1ford, and 
others who tried diets of oatmeal, meat and fat in 
chloroform poisoning are inconclusive as they failed 
to take into consideration the large percentage of 
fat in the rat. Meat (mutton leg) contains 15.4;,, 
protein? 14.5 fat, 0.%, ash of mineral salts, 51.;;,,, 
and. 17.7;, refuse, (McCarrison 1 ;31) . They also 
found that a mixed diet of oatmeal and fat lessened 
the duration of life of an ani: a1 to a greater extent 
when subjected to chloroform poisoning than a diet 
of meat. Oatmeal itself contains a fair percentage 
of proteins, and the germ of the grain _h_c.s antinecro- 
tic properties . Their third observations that in aai- 
inals which were subjected to small doses of chlorcf orm 
those which w ere fed on meat did not lose weight 
whereas those which were fed on high carbohydrate or 
fat diet lost w eight, proves the value of meat diet. 
There is no actual experimental data to prove that a 
diet of carbohydrate reduces the extent of necrosis 
in the liver in toxaemias affecting the liver. The 
experimental production of ascitis by Eollman and 
Mann in dogs with cirrhosis of the liver by high protein 
diet does not indicate increased liver damage, as many 
causes other than parenchymal damage are involved in 
the production of aacitis. According to Coudry (quot- 
ing Noel 1923) glycogen appears first and in more 
abundance in the cells adjacent to the central vein 
in the liver of an animal following the ingestion of 
carbohydrates; yet it is this region that is first 
affected in carbon- tetra -chloride, chloroform and many 
other toxaemiaa. Cramer and Krause (1913) found that 
excessive administration of thyroid depleted the 
liver of its glycogen; yet Cameron and Karunaratne 
(1535) found no alteration in the susceptibility of 
albino rats to carbon -tetra -chloride toxaemia after 
depletion of the glycogen storage of the liver through 
administration of thyroid extracts. There is no doubt 
that starvation as well as ingestion of fat increases 
the susceptibility of the liver to chloroform and 
carbon -- tetra- chloride toxaemia; but it has not been 
proved experimentally that a carbohydrate diet acts 
more beneficially than animal proteins devoid of fat. 
According to MeCay (1912) rice is the poorest of 
cereals in protein content and contains 8% protein, 
0.3% fat, 29% of carbohydrate, 0.4;-, mineral ash, 
12.3% water; 0.2% refuse. When cooked it absorbs 3 
to 32 times its weight of water and swells up five 
times its volume. I.cCarrison observed "the decrease 
in the coefficient of protein absorption with diets 
containing large amounts of rice may be so great that 














7 " ) . eta; ,% 
Postnatal growth curves of litters based 
on the average weight of the surviving young. 
2d. Growth curve of litter 26 whose parent 
was on normal diet and was subjected to car- 
bon-tetra-chloride toxaemia. 
31. Growth curve of litter 31 whose parent 
was on normal d iet and was subjected to 
carbcn- tetra - chloride toxaemia. 
3U. Growth curve of litter 3Ù whose parent 
was on basic diet with 2.5 grams of yeast 
during lactation and was subjected to car bon - 
tet_ra- chloride toxaemia. 
Note the gain in weight of the litter after 
weaning. 
33. Growth curve of' litter 33 whose parent 
was fed on the basic diet and 3 grams of 
meat for lb days and was subjected to the 
action of carbon -tetra- chloride. 
Note the absence of gain in weight of the litter after the lóth day. 







' ifyc I yM yr. 
Postnatal growth curve of litter based on 
the average body weight of the surviving 
young. 
18. Growth curve of litter 18 whose parent 
was on basic diet + 2 gram of marmite thrice 
weekly during the experiment. (Carbon -tet- 
ra- chloride toxaemia). 
87. Growth curve of litter 87 whose parant 
was on basic diet + 0.3 grams of nucleic 
acid 4 times weekly during the experiment 
(carbon- tetra- chloride toxaemia). 
107. Growth curve of litter 107 whose parent 
was on the basic aiet + 0.35 grams of nucleic 
acid 4 times a week during the experiment. 
(Carbon -tetra- chloride toxaemia). 





A . 4-faL 
84 
u 
Postnatal growth curve of litter based on 
the average body weight of the surviving 
young. 
C1 and C2 Growth curves of control litters C1 
and C2 whose mothers were on normal aiet 
and were not subjected to carbon -tetra 
chloride toxaemia. 
1Oth Growth curve of litter lOb whose mother 
was on the basic diet + 0.35 grams of nuc- 
leic acid four times weekly during the ex- 
periment. ( Carbmn- tetra -chloride toxaemia). 
b4. urowth curve of litter 04 whose mother 
was on the basic? 0. 35 grams of nucleic acid 
4 times weekly during the experiment. 
(Carbon - tetra - chloride toxaemia.) 
137. 
than SG;, of protein present in the diet. 'Frith regard 
to dhal or pulse which is the main source of protein 
supply in the Indian rice eaters diet, it was found that 
an increase of this beyond 5 ounces per day rem ulted in 
diarrhoea, since it acted more as an intestinal irri- 
tant in larger amounts. The deficiency_ of protein 
in the vegetarian rice eaters diet is en important 
factor in considering the etiology of cirrhosis in trc- 
pics especially infantile cirrhosis. £oss .3. Gortner 
(1940) and others found that in cases of selenium in- 
toxication, diet containing 35 casein offered ma's 
rotection to young white rats than did diet of equal 
alcric value containing less casein. This observation 
's of significance in view of the fact that selenium 
is an element which even in minute doses produces ne- 
crosis of liver and later cirrhosis. In the present 
Series of experiments it was found that a diet of car- 
bohydrates in the form of polished rice to the nursing 
mother rats increased the liver damage in the sucklings. 
There are two factors in operation in the genesis 
of this parenchymal damage. 
1) The c irrho`eni c toxin in the form of carbon- 
tetra-chloride which is being given through the milk. 
2) The absence of a protectini agent in the diet of 
the mother. The remarkable feature in these experiments 
was that the absence of the protective factor in the 
diet of the mother resulted in greater damage to the 
liver of the suckling than to that of the mother. It 
Inan only be inferred that tree .suckling uses up this 
ti- necrotic agent more rapidly. It is significant 
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that the mortality due to infantile cirrhosis should 
be greatest at the age period of 6 months to 2 years. 
This high mortality rate due to cirrhosis during that 
short age period seems to imply that either the affec- 
ted children are not assimilating enough of the pro- 
tecting factor in the diet or that it is being rapidly 
used up in the normal metabolism of the body. The 
fact that cirrhosis is many times more common among 
rice eating population than in others favour the view 
that the supply of this protective factor is deficient 
in the diet of the infant; but the consideration that 
this type of cirrhosis is rarely met with after 3 
years of age suggests that infants between 6 months and 
two years use up much more of this protective factor in 
normal metabolism than adults. It was seen in these 
experiments that the addition of meat or casein to 
the basic diet of the mother rat resulted in the reduc- 
tion of the extent of liver damage in the suckling. 
imilarly an increase in the percentage of yeast in the 
diet reduced the liver damage whereas a reduction in 
the percentage caused marked necrosis of the liver of 
the suckling. The observation of Paul Gyorgi who 
found extensive liver necrosis in rats fed on a diet 
consisting of a large percentage of casein, as well as 
that of Rich and Hamilton who produced cirrhosis in 
the liver of rabbits on a diet containing casein in 
addition to carbohydrates and faNt, prove that it is 
not the protein itself that is the anti -necrotic factor 
but that it is a substance which can be synthesized 
1 
from protein under certain conditions. The conclu- 
sion arrived at in the present study was that this 
substance was present in large amounts in yeast and 
meat and that it can be synthesized from casein under 
certain conditions. 
The effect of nucleic acid administration in experi- 
mental liver daina e . 
raul Gyorgy and Harry Gold Blatt (1939) observed 
that many of the rats which were fed on a synthetic 
diet containing all the essential vitamins developed 
necrosis of liver cells, and cirrhosis. They noted 
that the diet was wanting in yeast as well as in 
purine substances. The addition of yeast extract 
prevented such necrosis. A similar observation was 
made by rich and Hamilton in the case of rabbits. Von 
Glahn W.C. and Frederick Flinn (939) found that 
yeast reduced the incidence of hepatic cirrhosis in 
rabbits, produced by ingestion of lead arsenate. 
however they we_ e not able to state what the protec- 
tive substance in the yeast may be.Chaikoff, Conner 
and Biskini (193(3) were able to produce fatty infil- 
tration of the liver and cirrhosis in depancreatised 
dogs kept alive for 2.6 to 5.5 years with insulin in- 
jections. Un the other hand Kapalam and Chaikoff 
(1937) found that the addition of pancreas to the 
diet of these dogs will prevent as well as cure the 
fatty infiltration of the liver. Channon and Wilkin- 
son (1935) have proved that a low protein intake 
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produces fatty livers in rats. The question arises 
whether in the depancreatised dogs it is the inter- 
ference with the absorption of proteins that is re- 
sponsible for the liver damage or if there is a 
specific factor in the pancreas fed to the dogs that 
prevents the injury.If':it is considered that there is 
a specific substance in the pancreas, the richness 
of nucleic acid in the pancreas is of special signi- 
ficance. Nakahara Fujiwana and ibri (1;39) noted 
a certain geogrsp hical similarity in the occurrence 
of beriberi and hepatoma in man. Their experiments 
on albino rats fed on polished rice and subjected to 
the action of dimethylaminoazobenzol or butter 
yellow demonstrated that yeast feeding caused some in- 
hibition of liver cancer development, out it was 
slight when compared to the effect of liver feeding. 
They also found that large doses of vitamin B1 _aid 
not in any way influence beneficially rats fed on 
polished rice and subjected to the action of butter 
yellow. 
It will be noted that in all the above mentioned 
experiments there was a complete absence of purine 
substances in the diets tried, and the articles of 
diet such as pancreas, meat, yeast and liver which 
prevented such damage were rich in nucleic acid con - 
tent. The experiments in the present study were 
carried out in order to ascertain how far nucleic 
acid by itself will be able to protect the liver 
against carbon -tetra- chloride toxaemia. It was 
demonstrated in these exî eriments that lean meat as 
well as nucleic acid in sufficient amount in the diet 
of the nursing mother had a marked effect in protecting 
the liver of the suckling rat against liver damage; 
but nucleic acid when given in minimum doses was of no 
value. 1 ucleic acid was also found to protedt the 
liver of adult rats against damage. This protective 
action was moe marked in the sucklings and in the 
mature or old rats than in the growing rats. 
The question whether or not animals can synthesize 
the purine derivatives needed for nucleic acid forma- 
tion has not been so far satisfactorily answered. 
robertson from his experiments on albino rats found 
that the oral administration of thymic nucleic acid 
and yeast nucleic acid enhanced their longevity, the 
prolongation being 122 of normal duration for males 
and 17; for females with thymic nucleic acid and 
slightly greater with yeast and nucleic acid. This 
experiment indicates that at least adult animals are 
not able to synthesize the optimum amount of nucleic 
acid. Ackroyd and Hopkins (1916) found that when 
arginine and histidine were together removed from the 
diet of rats which had been previously growing on a 
complete amino -acid mixture there was a rapid loss 
of body weight. This demonstrates that rats are not 
able to synthesize the necessary purines from a carbo- 
hydrate diet. The production of cirrhosis in rats by 
Gyorgy and Goldblatt 9 and in the rabbit by reich and 
,Hamilton may be due to the fact that rabbits as well. 
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as rats during certain period of their life at least 
are not able to synthesize nucleic acid from casein 
to protect their liver against naturally occurring 
intestinal toxins. 
Nucleic acid has been used frequently in the pro- 
duction of leucocytosis experimentally and to solne ex- 
tent therapeutically. since theisolaticn by Jackson 
(1924) of nucleotides in the circulating blood the 
conception that nucleic acid stimulates the bone mar- 
row in the production of leucocytes has been strengthéned 
Antoncich (1926), Doan L1;2ó), as well as Sabin and 
Doan (1927 -2ti) held the view that the action is a 
true stimulation whereas others believe that its 
action is that of a chemotactic substance exciting 
the discharge cf white cells from the bone narrow. 
The consensus of opinion seems to favour the view 
that it is a growth stimulating factor influencing th 
maturation of the leucocytes. It was found in the 
present study that administration of yeast nucleic 
acid to the nursing mother not only had a remarkable 
influence against liver damage but that it also proved 
to be an effective substitute for that fraction the 
lack of which in the polished rice retarded the growth 
of the sucklings. 'unk, Lyli and McCaskey (1911) 
ascertained by experiments that yeast by itself was 
not of much value as food) the same remark must 
apply to nucleic acid also. However it seems to 
supplement the necessary factors in polished rice both 
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for protection against liver damage and growth of the 
s'acklings. Furthermore it was found in these experi- 
mental studies that in those animals which were given 
large aoses of nucleic acid, mobilization of histio- 
cytes in the affected area of the liver was rapidly 
carried out, and the cells were also more numerous 
when compared with the controls. It is possible that 
the rapid production of mature white cells under the 
influence of nucleic acid may be a factor in the de- 
toxication or carbon -tetra -chloride, with the result 
that the injury to the liver is lessened. However it 
is as yet difficult to specify the exact mechanism 
of the protection furnished by nucleic acid against 
liver inb.ury due to toxins. 
With regard to infantile cirrhosis the experimental 
data point to the deficiency of nucleic acid in the 
diet of the mother as the most important etiological 
factor. The stuaies of Paul Gyorgy and Goldoiatt as 
weil as those of 'doh and Hamilton aemonstrate that 
cirrhosis in animals may be solely aue to dietary 
deficiency. The Question whether or not an abnormal 
toxic factor plays a role in the geneses of 'Infantile 
Cirrhosis "' or if this second factor is a naturally 
occurring intestinal toxin, is a moot point. whatever 
may be the nature of the toxin it is a emonstrated by 
these experiments that its action on the liver is con 
trolled by the ingestion of s ubstances rich in nucleic 
acid. 
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It is suggested that in those cases where suc- 
cessive children c2 a mother succumb to infantile 
cirrhosis, an addition of food stuffs rich in nucleic 
acid to the diet of the mother during pregnancy and 
lactation will prevent the production of this dis- 
ease in the offs ring. 
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1) A review of literature on "infantile cirrhosis" 
suggests that the disease is due to a toxin in maternal 
circulation which affects the liver of tat foetus and is 
continued to be given to the child through the milk in 
post -natal life. 
2) It was demonstrated experimentally that it is pos- 
sible for cirrhogenic toxins to diffuse through the pla- 
centa of a pregnant rats and to cause degenerative 
changes in the liver of the foetuses. 
3) Injections of carbon-tetra-chloride to the nursing 
mother rat caused injury to the liver of the suckling, 
and this injury was enhanced when the mother rat was 
fed on polished rice and the essential vitamins only. 
The addition of casein, meat and yeast to this diet 
decreased the extent of liver damage la the sucklings. 
4) Kursing mother rats tolerated ler.ger repeated 
doses of carbon -tetra -chloride than normal adult rats; 
and the extent of injury to the liver ,of the mother -»-as 
slight when compared to that found in the sucklings, and 
in the control adult rats. 
5) The oral administration of large doses of nucleic 
acid to the mother rat effectively safeguarded the 
liver of the suckling against injury. 
6) This protective action of nucleic acid against 
carbon.tetra- chloride toxaemia was experimentally de- 
monstrated in the case of adult rats also. 
7) The experi:iental evidence suggests that the etio- 
logical factor in the production of 'infantile cirrhosis' 
is the lack of nucleic acid in the diet of the pregnant 
and nursing mother. 
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ri comparative histopathological study of 
!Infantile Cirrhosis'of India with cirr- 
hosis of the liver in infants df Edinburgh. 
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A comparative histopathological study of 
"Infantile Biliary Cirrhosis" of India with cirrhosis 
of the liver in infants of Edinburgh. 
INTRODUCTION:- 
Infantile Biliary Cirrhosis of India was de- 
scribed for the first time by Sen in 1887, and was 
examined morphologically by Gibbons in 1888. Gibbons 
described it as "a form "of biliary cirrhosis as he 
found it to be different from the biliary cirrhosis 
known in Europe. He believed that the liver cells 
had been subjected to the action of some toxin which 
induced irritation leading to their degeneration, and 
to stimulation of the connective tissue element. 
Prof. Poltuf and Prof. Kundart to whom he showed the 
sections concluded that the disease was a hitherto un- 
known form of biliary cirrhosis. Castillani and 
Chalmers (1919) suggested reinvestigation to decide if 
it was a variety of Kala -agar. Manson 3ahr(1927) 
believed in the possibility of the cirrhosis being due 
to infantile Kala-agar. Pearse (1919) and Chandra 
Lahiel (1936) were of opinion that it was due to 
B. coli, streptococci or other macro-organism. 
Tirumarthi and Radhakrishna Rao studied the pathological 
changes in the liver in this disease in 1934 and in 
1933 Ramachandra Rao investigated the histopathology of 
two cases of Infantile Biliary Cirrhosis, and decided 
that one was a case of'subacute toxic cirrhosis, and 
the other'cholangitic sclerosis. Radahakrishna Rao 
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(1935) who studied independently the morbid conditions 
of the liver in this disease, came to the conclusion 
that it was one of 'subacute toxic cirrhosis' showing 
biliary inflammatory lesions only occasionally. The 
tendency to affect children of the same mother suggests 
to Bhaskara ;lenon (1931) an antinatal cause acting 
slowly after birth, and the histological resemblance to 
congenital syphilitic cirrhosis leads him to suspect a 
toxin carried by the umbilical vein, an umbilical vein 
cirrhosis. 
Many American and European writers from time to 
time have drawn our attention to a type of juvenile 
cirrhosis occurring in successive children of the same 
mother. Rossele who has reviewed the literature on the 
pathology of cirrhosis thoroughly, finds evidence for a 
hereditary familial tendency lacking. When it occurs 
in a family it frequently affects more than one child. 
Parkes Weber (1936) suggests an inborn familial ten- 
dency to the development of hepatic cirrhosis in infan- 
cy and childhood, and classifies the familial incidence 
as due to either a congenital tissue or organ inferior- 
ity of the liver or as an example of hepatic cirrhosis 
accompanying and probably constituting a part of acknow- 
ledged disease of the congenital developmental case. 
Moon (1929) has reported two cases of cirrhosis 
in children whose livers showed histologically in 
sections stained for bacteria, cocci in pairs in one 
case, and in the other streptococci, while on culture a 
pure growth of streptococcus haemolyticus was obtained 
from the latter's liver. It is interesting to note 
in this case that several children in the family had 
already died of cirrhosis of the liver. Bingel(1907) 
was convinced that many cases of cirrhosis in children 
occurr after epidemics of scarlet fever. Folger (1900) 
has reoprted a case of cirrhosis with enlarged liver in 
which streptococci were identified. Thomson believes 
in infectious jaundice in newly born infants as a result 
of infection from the umbilicus. 
According to Moon (1933) the United States of 
America Mortality Statistics for 1929 show 64 deaths 
from cirrhosis of the liver among children under fif- 
teen of which 23 were under two years of age. Though 
the exact figures for the different types of cirrhosis 
in children were not available, he found that in the 
majority of cases under one year of age the cirrhosis 
was due to congenital obliteration of the bile ducts, 
and that those occurring after the first year were due 
to portal or Laennec's cirrhosis. Montgommery and 
Deaver (1933) Leversen (1908) and Ladd (1928) have 
cited cases of cirrhosis in infants due to congenital 
obliteration of the bile duct. 
Joseph Calven and Lionel Saffro have reviewed 
36 reported cases of cirrhosis in children accompanied 
by considerable enlargement of the liver. Autopsy was 
performed on 17 of which 9 were under two years of age. 
Of these 6 were hypertrophie cirrhosis, 2 biliary cirr- 
hosis, and 1 sub -acute toxic cirrhosis. Bridgeman 
and Robertson (1932) Sutton (1930) have reported cases 
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of atrophic or Laenec's cirrhosis in infancy with 
hereditary tendency. 
Rolleston and MacNee quote (Ponynton and Wyllie) 
a report of 22 cases of congenital biliary cirrhosis at 
the Great Ormond Street hospital for Sick Children dur- 
ing the period 1910 to 1925. Of thes4 cases 15 were 
due to congenital obliteration of the bile ducts, and 
7 were due to other causes. They believe that the 
obliteration of the bile duct is secondary to the cirr- 
hosis which is of obscure origin. At the Royal Hos- 
pital for Sick Children Edinburgh during a period of 
14 years, from January 1927 to December 1940 there 
were 9 cases of cirrhosis of doubtful. origin in chil- 
dren under two years, 14 of congenital syphilitic cirr- 
hosis and 3 due to congenital obliteration of the 
bile ducts. 
It can be deduced from the enormous literature 
available on the subject of cirrhosis of the liver in 
infants and children that it is not such an uncommon 
disease either in Europe or in America as one would 
suspect it to be. 
As to the nature of this disease opinion seems 
to differ. In many of these cases there appears to be 
an inherent tendency in children of the same mother 
to be affected by the disease. Syphilis though the 
commonest and best understood etiological factor has 
been ruled out in these cases. Infectious diseases and 
i!_fections of the liver have been the cause of cirrhosis 
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in a number of cases. Some livers have been classified 
undet the vague and obscure term "Hanotts cirrhosis,. 
Many were due to congenital obliteration of the bile 
ducts, and a few to portal or Laennec's cirrhosis and to 
toxic corrhosis. 
A study of the histopathology of the cases from 
Edinburgh along with those of'Infantile Cirrhosis' of 
India is undertaken in order to determine if the latter 
disease is peculiar to India only and'if it is not so 
to find out the possibility of a common etiological 
factor responsible for these cases. 
Table of disorders of the liver from the post- 
mortem record of the Royal Hospital for Sick Children 




















L27157 1 1 1 1 
1928 146 1 2 1 1 
1929 
166 1 1 
1931 149 1 3 1 
1932 157 1 
1933 154 2 2 
1934 127 1.Cent.Necrosis 
1935 159 1 1 1.Cholecystitis 
1936 149 1 1 1 
1937 193 1 1 Cent.Necrosis 
1938 X85 1 3 1 2.Fatty Livers. 
1940 175 1 1 
3 
1 
Total 2240 9 14 3 6 6 6 
14 Yrs. 
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MATERIAL and METHODS of STUDY. 
The material for study consisted of sections from six- 
teen cases; six from India and ten from the Royal Host 
pital for Sick Children, Edinburgh. Though the morta 
ity rate for tInfantile biliary cirrhosis, is great in 
0 
Calcutta (700 deaths or more per year) and Madras, the 
scarcity of post- mortem material of these cases is ex- 
plained by the fact that most parents either out of 
sentimental reasons, or due to religious scruples do 
not give their consent for post -mortem. Of the six 
cases available, two were obtained from the Pathology 
Department of the Vizagaptam Medical College through re 
kind permission of Prof. Bhaskara Menon, and the other 
four were supplied by Prof. Ramachandra Rao of the 
Madras Medical College. These section ;s were fixed in 
formalin, and preserved in glycerine and water. 
Of the ten cases from The Royal Hospital for 
rick Children, Edinburgh one is an authentic case of 
Congenital Obliteration of bile duct, and the other 
nine, cases of cirrhosis of obscure etiology in children 
under two years of age. Paraffin blocks for eight of 
these cases and sections of the liver and other organs 
tained with haematoxylin and eosin in the case of the 
remaining two were placed at my disposal by Dr Mac- 
Gregor. 
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Staining methods used. 
(1) For routine staining. Meyers acid alum haema- 
toxylin and eosin. 
(2) For connective tissue. Heidenhainetb:. Azan method. 
(3) Verheoff's elastic tissue stain. 
(4) Sudan III. counter stained with haematoxylin 
for fat. 
(5) Dobellis modification of Levatidi for Spirochaetko. 
(6) Koppeleoff and Beirmann's modification of grams 
method for bacteria. 
(7) Foot and Mtnard's technique for reticulum. 
Six of the sections from India which were 
preserved in glycerine and water were washed in water 
for 48 hours and post fixed in Hrelly's fluid before 
embedding in paraffin. 
Cytology of the liver and some facts bearing on its 
pathology. 
The parenchyma consists of hepatic trabecula with a 
potential axial lumen which is continued at the peri- 
phery as the biliary afferent or the canal of Hering. 
There is cross anastomosis between the hepatic cords 
and they form a continuous mantle between and around 
the sinusoids. 
Vascular pattern. The terminals of the hepatic and 
the portal veins are formed after dividing five or six 
times at right angles to the main trunks. There is a 
syrn::ietrical distribution of the portal and hepatic 
venous trees between the so- called lobules, so that 
two hepatic terminals are placed on either side of a 
PV 
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Fig. I. A diagramatic representation of the 
hepatic and portal venous systems 
of the liver. 
C.V. Central vein, C.L.V. dlollecting 
vein; H.V. Large branch of the hepatic 
vein, P.T. Portal terminal. 
P.V. Large branch of the portal vein. 
(From F.P. Mall. AM.J.Anat. 1906 Vol. 5) . 
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' 
Fig II. A diagram representing the histology 
of the liver. 
G. Glisson's Sheath, H.I. Hepatic 
Artery, r.V. t -ortal vein, B.D. Bile 
duct, C.H. Canal of Hering. 
H.C. Hepatic cord, S. Sinusoids. 
C. Central vein, H.V. Collecting vein, 
L.S. Lymph space of Disse, 
Y.C. Kupffer cells. 
(From Ramachandra Rao V.ïv .C.:. 1932) 
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portal terminal at a constant interval (Cowdry). 
Actually the appearance of a lobular structure in the 
parenchyma is due to this architectural pattern of 
its vascular trees and their tributaries. 
Hepatic artery The distribution of the hepatic art- 
ery is chiefly to the Glisson's sheath, and the struc- 
tures therein. According to Cameron and Mayes, the 
hepatic artery breaks up in to a plexus of capillaries 
distributed mainly to the bile ducts, and the branches 
of the portal vein. From this plexus blood collec- 
ted in to venules which drain in to the portal venules, 
and thence into the sinusoids. Direct communication 
between the hepatic artery and portal vein was not 
found, but it is maintained that some capillaries 
do pass directly from the smaller branches of the 
hepatic artery into the sinusoids. 
The presence of a perisinusoidal lymph 
space between the hepatic cords and the wall of the 
sinusoids has been recognised by Kupffer, MacGillavey, 
Disse, and others. These are said to communicate with 
the lymph plexus of the glissons sheath. 
Case No. 1. 
Name - V.A. Female infant. Aged 2 years. 
Post -mortem 
Morbid Anatomy Smooth capsular surface. Edges sharp. 
Uniform bile staining of the parenchyma on section. 
Sclerotic thickening of the larger portal spaces. 
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Histology The parenchyma is permeated with irregu- 
lar bands of wavy fibrous tissue isolating the 
hepatic cords into groups of varying size. In places 
the collagen fibres have i,nsiivaud tiemselves in 
between individual liver cells giving thevhole field 
the appearance of interstitial cirrhosis. The paren- 
chymal cords are widely separated by the gaping sinus- 
oids and many of them show degenerative changes and 
vacuolation. The nuclei are faintly stained, the 
cytoplasm granular and eosinophilic. The potential 
lumen in the hepatic cords is filled in places by a 
plug of inspissated bile. In sections from different 
parts of the liver the microscopical changes are 
slightly different; the islands of regenerated liver 
cells being larger and degeneration less pronounced. 
Here and there among the degenerated liver cells 
oval or rounded islands of parenchymal cells are 
found to be in various stages of necrosis. The 
healthy cells around such islands are compressed and 
stretched over them, a condition suggesting an oedema 
of the involved cells prior to their disintegration. 
There is moderate infiltration with polymorphs and 
lymphocytes in the necrotic debris. The highly re- 
sistant biliary canaliculi (canal of Hering) are in 
the process of proliferation. 
Bile ducts proliferation of biliary canaliculi 
varies in different sections. Numerous long and 
tortuous or short and tubular bile ducts are embedded 
in thick wide bands of cellular fibrous tissue. In 
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Fig. III, Liver of Case I. A branch of the 
hepatic vein showing hyperplastic endo- 
phlebitis. H and E. x 275. 
Fig IV. Liver of Case I. Massive necrosis of 
liver cells. The healthy cells are com- 
pressed and stretched out over the islands 
of necrosis. There is moderate infiltration 
with lymphoc,/tes and polymorphs. 
H and E x 85. 
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other parts the fibrous tissue bands are devoid of any 
proliferated bile ducts. The ducts in the portal tract 
are unaffected, their lining epithelium being healthy 
and there is absence of any infilltration with in- 
flammatory celle. A few of the proliferated bile 
dusts contain inspissated bile, showing a direct con- 
tinuity with healthy liver cells. 
Hepatic Vein Branches of the hepatic vein are scarce- 
ly to be seen in the section, but wherever they are 
found they are seen to be surrounded by dense fibrous 
tissue and their walls are thick and'sclerosed. A few 
of the larger branches show endop- hlebitis and infil- 
tration of the intima with inflammatory cells. Hepatic 
ter minale are scarce, their walls being involved in 
similar sclerosis with obliteration of the lumen. The 
parenchymal cells around such central veins have com- 
pletely disappeared, being replaced by cellular fibrous 
tissue. 
The Portal tracts. There is no marked increase of 
fibrous tissue in the glissons capsule. There is no 
periductal sclerosis. The hepatic artery and portal 
vein show no noticeable change. There is slight fibrosis 
of the periphery of the lobules in the region adjacent 
to the portal tract which tends to magnify the apparent 
width of the tract. 
170. 
Case No. 2. 
Naiae A. 
A Hindu female child aged 3 years. 
Morphology. Liver markedly contracted with an uneven 
nodular surface and a sharp edge. The cut surface was 
slightly bile stained. The portal spaces were wide, 
greyish white and sclerotic. The branches of the hep- 
atic veins were surrounded by wide bands of connective 
tissue. 
Histology. 
Parenchyma. The normal architecture of the liver is 
completely lost. The formation of Pseudo -lobulations 
of parenchyma from the proliferation of surviving 
liver cells in the midst of collapsed lobules has upset 
the whole lobular pattern. Central veins are scarce. 
Sinusoids are wide and empty in the pseudo- lobules. 
The Kupffer cells show elongation of their nuclei 
(the primary change is the transformation of the 
Kupff er cells into fibroblasts) No pigment can be 
seen in these cells. The liver cells in the pseudo - 
lobules are fairly well preserved, the nuclei taking 
the normal nuclear stain, but many of the cells at the 
periphery of the lobules show degenerative changes 
their nuclei undergoing Karyorrhexis. Mitosis is 
scarcely to be seen. A few scattered rounded areas 
of massive necrosis of parenchymal cells can be seen 
where tae bare outline of the liver cells are made 
out or where the liver cells have completely dis- 
appeared leaving a loose frame work of reticulum in 
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which are numerous XibdileEJduattau4sipa 
polymorphs, swollen Kupffer cells and persisting bile 
ducts in varying degrees of proliferation. Some areas 
where there had been an early necrosis now show numer- 
ous tortuous bile ducts separated by cellular fibrous 
tissue. A few polymorphs are also present. 
Bile ducts. There is a marked periductal fibrosis in 
the Glissons sheath, but in no case is the lumen of 
the dact obliterated. some of the ducts are filled by 
plugs of bile thrombi but this is not a marked charac- 
teristic. There is a slight infiltration of periductal 
fibrous tissue with lymphocytes indicating a chronic 
inflammatory change in the wall of the bile duct. 
There is no desquamation of the lining epithelial cells 
and the cells themselves are normal and well stained. 
Besides the numerous tortuous bile ducts observed in 
the necrosed lobules, many proliferating bile ducts 
are also present in the meshes of the fibrous tissue 
in the Glissons capsule as well as in that encircling 
the newly formed liver lobules. A rare duct here and 
there show inspissated bile in its lumen. 
Portal tract. There is a marked increase in the 
fibrous tissue. The hepatic artery and portal vein 
show no apparent change. The fibrous tissue is seen 
chiefly around the bile ducts. 
Bands of fibrous tissue extending between 
portal tracts and the sclerosed hepatic veins contain 
in the interstices numerous proliferated bile ducts 
and attenuated hepatic cords. 
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There is great thickening and sclerosis of the 
hepatic venous tree and this change has affected the 
central veins also which show a diminution and an ob- 
literation of the lumen. The walls of many of the 
bigger divisions of the hepatic vein are infiltrated 
with lymphocytes and pigment laden histiocytes. 
Case No. 3 
Name - B.S. Male infant. Aged 18 months. 
Morbid anatogy. Surface of liver uneven and granular. 
Cut section shows yellowish rounded areas of liver 
parenchyma in a matrix of pale pink fibrous tissue. 
section bile stained. Liver smaller than normal. 
Histology The par an4chymal cells are seen as rounded 
islands of varying size in a matrix of cellular connec- 
tive tissue which has condensed in concentric laminae 
around the different lobules. The cells of many of 
these lobules are well preserved; but there are some 
lobules where the whole mass of cells are vacuolated 
granular and nectotic. In others the cells in the 
centre of the lobule are bile stained, granular, with 
indistinct cell outline and nuclei which are not stained. 
In between the cells of the hepatic cord lie plugs of 
inspissated bile. 
Bile ducts. Proliferation of bile ducts is a marked 
feature. They are seen as either short ducts or long 
tortuous tubules in the meshes of the dense fibrous 
tissue, and consist of small cubical cells disposed in 
a double row of parallely placed cells. Branching of 
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such tubules are occasionally seen. 
Glissons Sheath does not show any increase in the con- 
nective tissue and the bile duct, hepatic artery and 
portal vein are normal. The lumen of the bile ducts 
are patent and the epithelium intact; but some of them 
contain plugs of inspissated bile. 
Branches of the hepatic vein and their termin- 
als are not obvious under the microscope except with 
specific stain for fibrous tissue; but a few of the 
larger ones which can be made out show enormous 
thickening of their wall leading almost to complete 
occlusion of their lumen, and some of the smaller ones 
have undergone complete obliter .tiorl. 
The connective tissue which breaks up the 
parenchyma into lobules, and into groups of a few 
cells is abundant and highly cellular. It is infil- 
trated with lymphocytes and endothelial cells. 
The lymphatics in the portal spaces, and in the 
newly condensed fibrous tissue is greatly increased 
in number and in the width of their lumen. 
Case No. 4. 
Name B.L. Female infant aged seven months. 
Morbid Anatomy. Liver moderately enlarged. Surface 
finely granular, and consistency firm, but section 
bile stained. Fine bands of fibrous tissue form a net 
work in the meshes of which are small areas of yellow- 
ish liver cells. 
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Fig V. Liver of Case III. Numerous prolifer- 
ated bile ducts are seen in the meshes of 
dense cellular fibrous tissue. 
H and E x 300. 
Fig. VI. Liver of Case IV. Showing find 
strands of fibrous tissue between hep- 
atic cords and distension of the lymph 
space of Disse. 
hzan x 300 
Fig. VII. Liver of Case IV. Showing a marked 
thickening of the central vein and nar- 
rowing of the lumen. The lymph spaces 
are distended. The parenchymal cells 
are shrunken, irregular in shape with 
granular cytoplasm. 
Azan x 275. 
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Fig. VIII. Liver of a healthy child aged 7 months. 
Mb fibrous tissue can be seen in the wall 
of the central vein. The lumen is wide 
and contains numerous red cells. Sinu- 
soids are moderately open and contain red 
cells. Lymph space of Disse is not seen. 
H and E x 350. 
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Microscopic Anatomy. The hepatic cells are broken up 
into small clusters and into individual cells by fine 
strands of cellular connective tissue. The cells 
show varying stages of degeneration and necrosis 
; 
a large proportion of them having a granular cyto- 
plasm containing particles of bile pigment) and with 
nuclei which are ill stained or not at all. The 
parenchymal cords are widely separated as a result of 
oedematous distension of the lymph space of Disse. 
A few broad bands of rather spongy connective tissue 
link up the neighbouring portal spaces to thickened 
branches of hepatic veins) and in this are observed 
numerous newly formed tortuous and branching bile 
canaliculi. The Glissons sheath show an increase in 
connective tissue. The hepatic artery) portal vein) 
and bile duct are normal. The hepatic veins show a 
moderate thickening of the wall but there is no endo- 
phlebitis or occlusion of the lumen. 
The Connective Tissue occurs as delicate strands of 
fibrous tissue) permeating in between the cords of 
parenchymal cells separating them into smaller segments) 
and destroying the lobular pattern of the liver com- 
pletely. The resulting cirrhosis is inter cellular in 
character suggesting syphilitic cirrhosis) but the 
absence of perivascular cuffing with lymphocytes and 
plasma cells) and the absence of miliary syphiloma ex- 
cludes any such possibility. 
1i7. 
Case No. 5. 
Name B.V. Male child aged 16 months. 
Morphology. Surface uneven and finely granular. 
The thickened hepatic veins appear prominent on the 
cut surface. Islands of pale yellowish parenchyma 
in size varying from pin point to that of a millet 
seed are uniformly distributed in a network of scleros- 
ing fibrous tissue. 
Histology. The presence of a loose cellular fibrous 
tissue in between groups of hepatic cords and single 
cells has deraiged the normal lobulations. The 
lobules are devoid of central vein. The cytoplasm of 
the cells appear granular and eosinophilic and many 
of the nuclei fail to stain. A few isolated oval 
areas show massive necrosis of the parenchyma with 
infiltration aE' polymorphs and lymphocytes, and a pro- 
liferation of surviving biliary canaliculi (canal of 
Hering). No mitosis or double nuclei in the cells as 
an evidence of regeneration can be seen. 
The Glissons sheath and the structures in it appear 
normal. There is no periductal fibrosis. The artery 
and vein are healthy. 
Hepatic veins and their smaller subdivisions 
show considerable thickening of t heir walls with an 
apparent diminution of their lumen. Many of them 
show a lymphocyte and plasma cell infiltration of 
their wall. The hepatic terminals of, the central 
veins having undergone complete obliteration are ab- 
sent in most of the lobules. 
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Fig IX. Liver of Case V. showing marked thicken- 
ing of the wall of a hepatic vein and par- 
tial obliteration of its lumen. 
H and E x 235. 
Fig X. Liver of Case VI. A large branch of the 
hepatic vein showing thickening of the wall. 
The connective tissue of the intima is swollen 
and has encroached on the lumen of the vein. 
Interstitial type of fibrosis seen in the 
surrounding area. 
Azan x 70. 
179. 
Branched and unbranched biliary canaliculi as 
well as compressed hepatic cords are observed in 
large numbers in the interstices between the fibrous 
tissue that is abundantly present. There is a 
scanty infiltration of the fibrous tissue with round 
cells. The sinusoids are dilated, and the Kupffer 
cells contain granular bile pigment 
Case No. 6. 
Na. e . 'P . Hindu male child, aged 20 months. 
Morphology. surface uneven and coarsely granular. 
Cut section is bile stained capsule is thickened and 
the hepatic radicles stand out with thickened walls. 
The parenchyma is seen as crescentic or oval yellowish 
homogenous areas on a back ground of bile stained, firm 
connective tissue. 
Histology. The histological picture is similar to 
those examined before in that the disposition of the 
fibrous tissue is interlobular and intercellular. 
The cells are degenerated and in places necrotic. 
The areas where necrosis had occurred previously 
show condensation of the reticulum, and collagenous 
transformation of the fibres. 
The portal tracts are normal, the artery, vein, 
and duct being well preserved. Bile duct prolifera- 
tion is slight. 
The hepatic venous radicles show remarkable 
thickening of their wall which has caused considerable 
Fig XI. Liver of Case VII. A large hepatic 
vein showing diffuse inflammatory cell in- 
filtration of the wall is seen. The paren- 
chyma around the vessel have mostly disap- 
peared and has been replaced by fibrous tis- 
sue. 
H and Ex80. 
H 
Fig. _ {II. Liver of Case VII. Showing a moder- 
ate proliferation of biliary canaliculi in 
a dense net work of fibrous tissue. 
H. Islands of persistent haemopoesis. 
H and E x 200. 
granular, vacuolated and invariably shows the -pre- 
sence of bile pigment. Here and there :_lasses of 
liver cells are undergoing necrosis, their cyto- 
plasm disintigrating into granular bile stained 
debris and their nuclei showing karyorrhexis and 
lysis, resulting in the collapse of the sinusoidal 
reticulum. In these areas there is great prolifera- 
tion of biliary canaliculi, which vary in their charac- 
ter from structures closely resembling hepatic cords 
to those of fully developed biliary afferent..Plugs 
of inspissated bile is found in the hepatic cords as 
well as in some of the newly formdd bile canaliculi. 
The portal tracts do not show any definite increase 
in fibrous tissue, or exudate of inflammatory cells. 
The epithelium of the bile duct is intact and 
the lumen patent. The branches of the hepatic vein 
show slight fibrosis of their wall and there is slight 
but apparent infiltration of their wall by lymphocytes 
endotheloid cells and very few polymorphs. 
Coarse granular pigment is observed in the Kupffer 
cells of the sinusoidiin the histiocytes and in iso- 
lated liver cells embedded in the fibrous tissue. 
Case No. 8 
Name. M.C. Female infant aged 5 weeks. 
Morbid Anatomy of Liver. 
Size normal. It was abnormally hard with sharp 
edges. Surface smooth, pale yellowin colour irregularly 
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mottled with red. A few flat nodules of light yellow 
colour were noticeable on the surface. Moderately 
tough to cut. Cut section showed the same type of 
mottling as on the surface; but patches of fibrous 
tissue were noticed giving the cut section a speck- 
led appearance. A few circular yellow patches sugges- 
tive of regenerating liver tissue were present in 
the cut surface. 
Microscopic Appearance . 
Parenchyma. There is extensive necrosis and fatty 
degeneration of the liver cells throughout the lob- 
ule except for a narrow margin of cells around the 
portal tract. The cytoplasm is eosinophilic, granu- 
lar and vacuolated, and the nuclei are pyknotic and 
show karyorrhexis. The sinusoids are dt6tended 
with red cells, many polymorphs, lymphocytes and 
monocytes . In those areas where the necrotic pro- 
cess has far advanced, the sinusoids have collapsed 
through compression by the oedematous necrotic deb- 
ris and here infiltration with inflammatory cells is 
well seen. The Kupffer cells are swollen and the 
nuclei are polymorphic. Many of these are impregnat}- 
ed with bile pigment. 
The lymph space of Disse shows oedematous distension 
with attenuation of the hepatic cord. Portal tracts 
show increase in fibrous tissue, but fine collagenous 
strands of connective tissue are seen to extend into 
the neighbouring lobules along the walls of the sinu- 
soids, evidently due to the transformation of the 
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Fig XIII. Liver of Case VIII. A central vein 
with marked thickening and sclerosis of its 
wall is seen. The three portal terminals 
which are observed in the same field are nor - 
mal. There is a slight increase of fibrous 
tissue around. the Gilsson's Sheath. 
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Fib. XIV. Liver of Case IX. Showing a longitu- 
dinal section of a central vein with marked 
thickening of its wall. The parenchyma around 
it has been replaced by dense fibrous tissue. 
The hepatic cords are attenuated. 
H and E x 275. 
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reticuluxn fibres into collagenous strands. 
The portal vein, hepatic artery and bile duct 
are normal. There is some infiltration with polymorphs, 
lymphocytes and eosinophiles but this does not bear 
an,/ relation to the artery, vein or duct, and appears 
to be part of the general cell mobilization which has 
affected the whole organ. There is moderate prolif- 
eration of biliary canaliculi in the neighbourhood of 
the portal tract. The cytoplasm and nuclei of these 
epithelial cells take the sttain well. 
The sinusoidal bed around the hepatic terminals 
are also involved in the collagenous transformation of 
its reticular wall which has resulted in a fine type 
of interstitial cirrhosis. The hepatic venous tree 
and its terminal branches show thickening and sclerosis 
of thttir wall but the lumen is patent, and widely 
dilated. The general picture is that of acute liver 
atrophy in a liver which shows evidence of slowly pro- 
gressing toxic cirrhosis. 
Case No. 9. 
Name. J. W. Male infant, aged six weeks. 
Macroscopic appearance. Liver slightly smaller than 
normal. Colour deep green,surface finely granular, and 
consistency firm. It was rather tough to cut and the 
cut surface suggested fine monolobular cirrhosis. 
Gall bladder normal. Cystic and common bile duct 
were patent. 
1860 
Microscopic Appearance. The parenchyma is broken up 
into narrow tortuous columns and into small groups 
of cells by cellular and dense connective tissue. 
The normal lobular pattern is completely lost. Here 
and there small clumps of cells surrounding the 
thickened central vein have undergone necrosis, and 
the transformation of the sinusoids into capillaries 
can be made out. The parenchymal cells are loaded 
with coarse and fine granules of greenish yellow bile 
pigment. Plugs of bile thrombi fill up the potential 
lumen in the hepatic cords. The out -line of the 
cells is indistinct and the cytoplasm granular and 
vacuolated. Mitosis of cells and regeneration of 
lobules of liver cells are absent. 
Portal tract. There is moderate increase in the 
fibrous tissue of the portal tract. The hepatic 
artery and portal vein are normal. The bile ducts 
are healthy their lumen being patent and the lining 
epithelial cell intact and normal. There is some 
proliferation of the biliary canaliculi in the region 
adjacent to the portal tract and a few of them are 
distended with plugs of inspissated bile. 
Kupffer cells show moderate proliferation. 
Many of them contain fine granules of bile pigment 
in their cytoplasm, while in others the nuclei are 
elongated and spindle- shaped and represents a gradual 
transformation of these cells into fibroblasts. 
There is much thickening of the walls of hepatic 
1 
venous tree with infiltration of inflammatory cells 
in some branches, resulting in considerable narrowing 
of the lumen. The central veins are also thickened 
and sclerosed and an endophlebitis is°'recognisable 
feature in most of them. 
Case No. 10. 
Name. J. - . Male infant, aged 9 weeks. 
P,:orbid Anateri.y. Liver was small and contracted dark 
green in colour and very firm. The diaphragmatic 
surface was smooth, but the undersurface was nodular. 
Cut surface showed a uniform fine cirrhosis. 
Gall bladder and bile ducts were normal. 
Histology. The normal architecture of the liver is 
upset to some extent by a diffuse interstitial type 
of fibrosis which spreads in between cords of hepatic 
cells and along the sinusoids in the form of fine 
wavy strands and bundles, isolating the parenchymal 
cells into small and large groups and columns. The 
parenchymal cells show varying stages of degeneration 
and necrosis. Many of the parenchymal cells are im- 
pregnated with a fine pigment of bile, and in the 
potential space between the hepatic cords plugs of 
inspissated bile can be seen. The necrosis is of a 
diffuse type involving single cells and small groups 
of cells. Kupffer cells are swollen proliferated 
and contain bile pigment. 
There is a slight increase of fibrous tissue in 
the portal tract. The artery, vein and duct are 
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Fig XV. Liver of Case X. showing proliferative 
endophlebitis of a branch of the hepatic vein. 
H and E x 275. 
Fig. XVI. Liver of Case X. Highly cellular fibrous 
tissue is seen to permeate between hepatic cordsIte 
extendlIqg from a thickened central vein. The 
picture is characteristic of interstitial cirr- 
hosis. 
Azan x 300. 
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normal. There is no definite proliferation of biliary 
canaliculi but a few of them are elongated and tortu- 
ous probably a natural sequence to the slight increase 
of fibrous tissue in the sheath. The lumen of the 
bile ducts is patent and there is no disquamation of 
the epithelial cells nor is there any pericholangitis. 
There is thickening and sclerosis of the hepat- 
ic venous 'tree. 
Central veins show great fibrosis of their wall, from 
which extend outward many bundles of fibrous tissue. 
The larger branches of the hepatic vein's show a de- 
finite inflammatory infiltration of their walls. The 
capsule is moderately thickened. 
Case No. 11. 
Name C. T. Female infant, aged 7 weeks. 
Morphology. Liver was enlarged slightly, coloured 
dark green with a smooth surface. Cut easily. 
Gall bladder contained thick dark green bile. Bile 
ducts were patent. 
Histology. The obvious change in the liver is an 
early interstitial increase of fibrous tissue which 
spreads from the portal tracts, and hepatic veins in- 
to the lobule. The cells of the parenchyma show de- 
generative changes. Their cytoplasm is deeply pig- 
mented with bile, and their nuclei are irregular in 
shape and distribution and has affected single cells 
and isolated cords; but these patches of necrosis 
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seem to bear a closer relationship to the hepatic 
venous tree and its terminals than to the portal 
tract. 
Portal tracts show a slight increase of fibrous 
tissue of a cellular character. The hepatic artery', 
and the portal vein are normal. There is a definite) 
but not marked proliferation of bile ducts. The 
lumen of the ducts are patent) and there is no in- 
flammatory cell infiltration. 
Hepatic venous tree shows a moderate thickening of 
its wall, and this change has affected the hepatic 
terminals (central veins) as well. Narrow bands 
of fibrous tissue can be seen to proceed from the 
central vein into the surrounding tissue. In the 
larger branches of the hepatic vein there is a 
slight round cell infiltration of the wall. 
The Kupffer cells are immensely swollen, 
polymorphic, and are stained greenish yellow with 
bile. 
Case No. 12. 
Name. M. C. ,,Female infant, aged 10 months. 
Macroscopic Appearance. Liver was smaller than aver- 
age) surface nodular, and of a light yellowish brown 
colour. It was tough to cut and on the surface can 
seen numerous firm nodules separated by fibrous 
tissue. Gall bladder and ducts were normal. 
Microscopic Appearance. Narrow bands of fibrous 
tissue extending from portal tract to portal tract 
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has divided the parenchyma into islands of varying 
sizes. Extensive fatty change has affected most of 
the liver cells throughout the lobule. The cyto- 
plasm and nuclei are well stained. There are no 
areas of necrosis. No hyaline change recorded by 
Mallory as being characteristic of portal cirrhosis 
can be seen in the neighbourhood of the Glissons 
sheath) 
Portal Tract. There is a slight increase of fibrous 
tissue in the portal tract, and this extends beyond 
the capsule to link up with the adjacent portal tracts. 
The resulting picture is that of a multi.lobular cirr- 
hosis. The walls of the portal veins are reia_xe d 
and the lumen is distended with red cells. There 
is no sclerosis of the portal vein or hepatic artery. 
The bile ducts are patent and healthy. Proliferation 
of the bile ducts is slight. A few inflammatory cells 
can be observed in the portal tract and in the paren- 
chyma abutting on it. Islands of regenerating liver 
cells are scarce, but a few such islands containing 
multi -nucleated liver cells, and cells showing mitosis 
are seen. 
The sinusoids are collapsed and empty. 
The Kupffer cells are impregnated with finely 
granular bile pigment. 
Hepatic venous tree shows no thickening of the 
coats and there is no inflammatory cell infiltration. 
Case No. 13. 
Name. E. M. Female Infants aged 3 months. 
Morphology. Liver was greatly enlarged, light yel- 
lowish green in colour with a finely nodular surface. 
It had a firm consistency, was tough to cut having a 
sharp edge, and the cut surface suggested a mono - 
lobular cirrhosis. Gall bladder was healthy and con- 
tained bile. There was no obvious obstruction in the 
bile ducts. 
Histology. Loose cellular fibrous tissue extending 
from the portal tract has encircled masses of liver 
cells, isolating them into lobules. There is some 
invasion of the lobules by fine strands of collagen 
fibres; but it is nowhere so elténsive as to distort 
the parenchymal pattern. Most of the liver cells 
show marked fatty degeneration and a few are necrotic. 
Plugs of bile thrombi are seen in between the hepatic 
cords. A few of the liver cells and Kupffer cells 
are loaded with bile pigment. 
Portal tract. There is moderate increase of fibrous 
tissue of a spongy and cellular type in the Glissons 
capsule. It extends from each portal tract to the ad- 
jacent ones in narrow bands in which are numerous pro- 
liferated biliary canaliculi. Lymphocytic infiltra- 
tion in these fibrous bands is slight. The artery, 
vein and duct are normal. There is no thickening or 
sclerosis of the coats of vessels. The lumen of the 
bile ducts is patent; but many of the newly formed 
biliary canaliculi contain inspissatgd bile. The 
1S-3. 
hepatic veins, and the central veins do not show any 
abnormal changes. There is no phleb©.sclerosis nor 
endophlebitis. 
Case No. 14. 
Name J. N. Female infant, aged 14 weeks. 
Macroscopic Appearance. Liver was much enlarged 
greenish yellow in colour, with a finely granular 
surface. Its consistency was firmer than norm,=11, out 
with resistance and the cut surface indicated a slight 
increase of fibrous tissue. A few nodules of yellow 
liver substance stood out clearly. Gall bladder was 
normal and contained bile. The ducts were patent. 
Í'Iicroscopic Appearance. The parenchyma is oedematous 
with great distension of the lymph space of Disse, 
and collapse of the sinusoids. Many of the cells 
appear rather foamy and the differentiation between 
individual cells is more marked than normal. Most of 
the nuelei are well stained, but here and there some 
of them show Karyorrhexis and lysis. An occasional 
bile thrombi is seen in some of the hepatic cords. 
A few widely distributed foci of haemopoesis are re- 
vealed on close observation. 
Glissons Sheath. There is a slight increase of fib- 
rous tissue of a loose and vascular character with 
scanty round cell infiltration. The arteries, veins 
and ducts appear normal. 
The hepatic veinsshowno definite change of the wall 
and the central veins are normal. 
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of some lobules. This is probably an early case of 
cholangitis lenta described by Nauyn and Jt. Klein; 
where there is diffuse pericholangitis but where the 
periductal sclerosis has not yet brought on any bil- 
iary stenosis, or stagnation of bile. 
Case No. 16. 
Name. T. P. Male child, aged 8 months. 
Morphology. Liver slightly enlarged. Bile stained 
to a deep green colour. ;surface coarsely granular. 
section showed dense fibrosis in a close network. 
Gall bladder was absent. Only a mass of fibrous tis- 
sue was seen lying at the posterior end of the gall 
bladder fossa. There was no common bile duct. The 
condition was congenital obliteration of the biliary 
passages. 
HistolozI . The structure of the liver is not upset 
to any remarkable extent. The central veins are 
patent, and there is no necrosis at the centre of the 
lobules; but numerous liver cells scattered through- 
out the lobule show icteric necrosis. Their cyto- 
plasm is granular, has taken the greenish yellow tinge 
of bile, and their nuclei have disappeared. This wide 
spread necrosis of isolated hepatic cells in the lobule 
has resulted in a certain amount of interstitial or 
intercellular fibrosis. There are numerous giant 
liver cells resembling foreign body giant cells with 
ton or more nuclei in them. No mitosis is seen. 
.dherever there is necrosis of cells polymorphs are much 
196 
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Fig. XVII. Liver of Case XVI. with congenital 
obliterati:On of bile duct. Numerous Multinu- 
cleated liver cells are seen. 
B. Inspisated bile in the lumen of the he- 
patic cords. N. Necrosis of parenehymal cells 
Fig. XVIII. Liver of Case XVI. Showing marked 
increase of fibrous tissue in the portal 
tract and slight interstitial fibrosis. 
H and E x 110. 
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in evidence. 
The portal tracts show a great increase of fibrous 
tissue, which has resulted in marked narrowing of 
the lumen of the portal vein. The absence of normal: 
bile ducts in the Glissons Sheath in spite of the en- 
ormous increase of proliferated biliary canaliculi isi 
noteworthy. Here and there bands of fibrous tissue 
bridge across adjacent portal tracts destroying the 
normal architecture of the parenchyma to some extent. 
The specificoonnective tissue stain demonstrates the 
compact bundles of fibrous tissue irregularly dis- 
posed in the portal tract, from Which delicate strands 
of connective tissue permeate into the neighbouring 
lobules along the course of the sinusoids. There is 
periarteritis and narrowing of the lumen of the hep- 
atic artery. 
No alteration is seen in the hepatic venous 
tree. There is no thickening of its branches, nor 
is there any increase of fibrous tissue in the ad- 
jacent region. 
There is increase of biliary canaliculi in the 
portal tract. A few are branched and tortuous show - 
ing aneurysmal dilatations plugged with inspissated 
bile. It is apparent that they are in direct commun 
cation with the hepatic cord which drain the bile inT 
to them; but not with the bile duct. 
The Kupffer cells are swollen and are packed 
with bile pigment. 
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C014LMENT. 
After a study of the histopathology of these 
sixteen cases it is found that they can be classified 
under five different heads depending on the similarity 
of features in each group of cases. It was made cer- 
tain from the report on clinical investigations of 
these case5 as well as from the poet mortem findings 
that syphilis can be definitely excluded as an etio- 
logical factor. Infection with micro -organisms is 
also ruled out as all the sections except two, cases 
IX. and XIII. for which paraffin blocks were not 
availacie were stained and examined for organisms 
with negative results. 
Group I. Comprising the largest number of 
cases I. to XI. have the following features in common. 
1. Inflammatory cell infiltration of the larger divi- 
sions of the hepatic veins. 
2. Fibrous thickening of the hepatic veins and their 
terminals. 
. Intercellula_r, or interstitial and annular type 
of fibrosis. 
4. Proliferation of biliary canaliculi. 
5. Bile stasis. 
6. Necrosis and regeneration of the parenchyma. 
Group II. Cases XII. and XIII. fall under this 
head and the similarity of features are : 
1. Extension of fibrous tissue from portal tracts to 
encircle large masses of liver cells. 
2. Absence of noticeable change in the wall of the 
vessels. 
3. Absence of it flam7atory reaction in the bile duct.. 
19 9. 
4. No apparent necrosis of liver cells. 
5. Marked fatty degeneration of cells. 
Group, III. Case No. XIV. has the following 
characteristic features :- 
1. Oedematous distension cf the lymph space . of 
Disse. 
2. Collapse of the sinusoids and attenuation of the 
hepatic cords. 
3. Loosening of the cells in the cord, resulting 
in breaking up of the trabecula. 
4. 3arly collagenous transformation of the reticulum 
of the sinusoids. 
Group IV. Case No. XV. This case like the pre- 
vious one is a precirrhotic condition. The chief 
changes in this liver were : 
1. Periductal inflammatory cell infiltration. 
2. Periductal fibrosis. 
3. Periarteritis with considerable narrowing of the 
lumen. 
4. Periphlebitis of the portal vein. 
5. Marked fatty change in the parenchyma. 
Group V. Case No. XVI. This was a definite case 
of congenital obliteration of bile ducts showing : 
1. Increase of fibrous tissue in the Glissons Sheath 
and between the hepatic cords to soli :e extent. 
2. Obliteration of the lumen of bile ducts. 
3. Absence cf periductal inflamm :.atory cell infiltra- 
tion. 
4. Icterc necrosis of liver cells. 
5. Periarteritis and Periphlebitis of the portal 
vein. 
Of these five groups the first one possesses 
features which are common to the six cases of infantile 
cirrhosis of India as well as to five cases from : din- 
o 
burghs and this group will be diacusaed in detail 
later. 
K2up IX. The hiatopathological picture of 
caaes XII. and XIII. are typical of early Laennecla 
cirrhosis before vascular changes Cave aet it. All 
aspects of the histology of this type of cirrhcais 
has been 60 well studied and clarified that it 
does not require more than a paaaing reference. 
Group Case aV. is an example of aerous 
hepatitis uescribed b Role and Eppinger. 
Group ;y_1 Case XV. This is the second case 
in this aeries of sixteen cases mith ulceration of 
the cornea. The asaociation between degenerative 
changes in the liver cella and corneal ulceration 
i6 significant in view of the important rôle assigned 
to the liver in vitamin A storage. The histology is 
caracteristic of the precirrhotic stage of chronic 
cholangitia described by A. Klein and Naunyn and 
reported by Rossle. Preservation of architectural 
patterns increase of fibrous tissue in the portal 
tract and periductal infl,,m4latory cell infiltration 
are the outstanding points. 
Group V. Case XVI. howed naked eye and 
microscopical evidence of obliteration of bile ducts 
of non-infl_omstory origin. 
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Discussion on Group le 
Pathogenesis of phlebitis and phlebosclerosis of the 
hepatic venous tract. 
The literature on inflammation and sclerosis of 
the venous system of the liver is scanty, and it is 
especially so of hepatic veins and their radicles. 
Borrmann (1897) was one of the first to observe endo- 
phlebitis with thrombosis of the portal vein. Hess 
A. F. (1905) has given an account of a study of 23 
cases fatal obliterating endophlebitis of the hepatic. 
vein. He suggests that besides syphilis inflammatory 
toxins of other nature can produce a similar effect. 
Wohlwill (1925) observed portal sclerosis and thrombo- 
phlebitis in 16 of the cases he studied. Simonds 
(1912) studied 7 cases with phlebosclerosis of the 
portal vein and hyaline changes in the intima. He 
differentiates a primary or inflammatory type caused 
by syphilis and a secondary type the result of in- 
crease of pressure in the portal vein as occurs in 
portal cirrhosis. Kretz Richard in his study of por- 
tal cirrhosis describes the sclerosis of the portal 
vein, and the scarcity of portal and hepatic venous 
terminals. McIndoe (1928) in his investigations on 
the vascular system of the liver in portal cirrhosis 
by corrosive technique found sclerosis and distortion 
of the portal and hepatic veins. McMichael (1934) 
found sclerosis of the intima and hypertrophy of the 
media in the portal and hepatic systems in cases of 
cirrhosis and concluded that it was mainly due to 
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increased venous presence in the portal system. 
Coronini and Obersoh describe cases with obliterative 
endophlebitis of the hepatic vein resulting in col- 
lapse of the sinusoids and the formation of pseudo - 
lobula_tions. Cronin] (1939) in his investigations 
on cases of endophlebitis of the hepatic vein in 
cases of cirrhosis in children classes this condition 
with a rheumatic or pseudorheumatic state, as he 
found Aschoff bodies in the liver heart and other 
organs. Radhakrishna Rao (1935) from a study of 
five cases of infantile biliary cirrhosis suggests a 
vaso -motor disturbance due to toxins in the circula- 
tion which results in vaso -spasm of the hepatic veins, 
and a dilatation of the portal vein, as the primary 
cause which leads to phlebosclerosis of the hepatic 
vein. Wurm (1939) who reports a histological s tudy 
of eight cases of endophlebitis of the hepatic veins 
and their terminals in infants three to four months 
old, fins a sub -endothelial collection of serous 
fluid and later a fibrillary increase in the wall of 
the central and sublobular veins. He found no in- 
flammatory changes in the vessel wall or in other 
viscera, and there was no cirrhosis of the liver. 
In the present study in nine cases out of the 
eleven examined under this group, a definite inflamma- 
tory reaction of the radicles of the hepatic veins 
was a constant finding. In the other two (cases III. 
and IV.) there was no obvious cell infiltration of the 
hepatic veins in spite of the marked thickening of the 
203. 
wall. The inflammatory cells were chiefly lymphocyte, 
plasma cells and histiocytes laden with granular bile 
pigment. In cases I. and X. this cell infiltration 
was more marked in the intima whereas in the others it 
affected all the coats. Phlebosclerosis and endo- 
phlebitis were present in all the eleven cases, but 
varied in degree. It was most marked in case III. 
where some of the smaller branches of the hepatic veins 
have undergone complete obliteration of their lumen, 
and the larger ones show an enormous thickening of 
the intima reducing the calibre of the lumen considers 
ably. It was observed that when the inflammatory reac- 
tion was marked, the sclerosis was less evident, and 
vice versa. Fibrous tissue was more abundant in 
those cases with marked endophlebitis and oblitera- 
tion of the lumen. 
Day in his study of eleven cases of cirrhosis 
of the liver due to raised venous pressure found 
thickening of the branches of the hepatic veins and 
fibrosis round the larger branches of the hepatic 
veins as well as in the portal tract. In the series 
of cases under discussion there was some similarity 
in the distribution of the fibrous tissue to that re- 
ported by Day (1940);- but there is no similarity in 
the changes in the hepatic veins since they showed in 
nine of these cases a marked inflammatory infiltration 
of the wall. There was no lesion in the heart or 
elsewhere to account for a raised venous pressure. 
Radhakrishna Rao (1935 -36) maintains that the stenosis 
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of the hepatic venous tree is the result of a primary 
vascular disturbance in the branches of the hepatic 
vein due to a vaso motor imbalance in the liver. A 
similar explanation is given by Sulzberger (1933) for 
thromboangietis obliterans which is usually associated 
with specific and marked hypersensitivity of the vas- 
cular apparatus of the skin to tobacco. This is a. 
possibility in cases of cirrhosis with central necrosis 
only; but the widespread sclerosis and inflammatory 
reaction in the hepatic veins cannot be overlooked in 
these cases. Coronini attributes this change to a 
toxic or infectious process. Infection can be ruled 
out, as these sections did not show the presence of 
bacteria. In view of the fact that endophlebitis and 
phlebosclerosis of the hepatic vein may occur without 
a. co- existing cirrhosis of the liver (Wurrn) we may 
decide that the lesion in the hepatic vein is not de- 
cidedly the cause of cirrhosis; but that it is inci- 
dental, and may contribute to the liver changes in the 
later stages. It is difficult to visualize the 
hepatic veins bearing solely the stress of a haemato- 
genous toxin brought to the liver through the portal 
vein or the hepatic artery without producing sclerotic 
changes in these vessels. Cameron and Karunaratne 
(1936) suggest that in cases of cirrhosis of the liver 
the product of autolysis of the hepatic cells is 
drained by the lymph spaces to the portal tract where 
they may stimulate fibrolastic growth. The patho- 
genésisf the sclerosis and the inflammatory infiltra- 
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tion of the hepatic veins seem to have an analogy to 
this explanation of cirrhosis, It is probable that 
in these cases autolysis of the hepatic cells is more 
extensive, and the location of the parenchymal necrosis 
(central) bears a closer relationship to the hepatic 
venous tree so that the products of autplysis act 
through the blood, directly on the hepatic veins. 
The finding of bile -pigment laden histiocytes in the 
wall of the hepatic vein lends support to this view. 
Genesis of fibrosis. 
It was pointed out by Mallory (1911) that 
simple necrosis of liver cells does not result in 
proliferation of connective tissue when the blood 
vessels and the connective tissue stroma are uninjur_d, 
but the connective tissue which is there collapses 
and thickens resulting in an apparent but not real 
increase of fibrous tissue. Whereas when infection 
is present the liver cells and fibroblasts are de- 
stroyed and there is excessive formation of fibrous 
tissue. This idea has been elaborated by other ob- 
servers notably by Moon in his work on experimental 
cirrhosis. A divergent view was expressed by Lacque 
(1932) in his experimental work on liver. He found 
that connective tissue production in experimental 
cirrhosis with carbon- tetra -chloride intoxication wa 
not dependent on necrosis of liver cells. In recen 
years evidence has been accumulating to place the re 
sponsibility for the formation of collagenous fibrou 
tissue on the less deferentiated mesenchymal cells. 
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Doljanski and Roulet (1933) from their tissue culture 
work suggest that the mesenchymal cells secrete a 
diffusible substance which stimulates the formation 
collagenous fibrils from the tissue fluids. Joan 
Ross from her study on the pathology of reticular 
tissue concludes that reticular syncytium are under 
certain circumstances changed into fibrocytes, and 
that under pathological conditions the argyrophil 
fibres may be converted into collagen. 
Whatever be the type of cell responsible for 
the transformation of reticulum into collagen fibres 
it is apparent that the permanent collapse of the 
sinusoidal bed and the abundant reticulum that is 
normally present in the liver are responsible for 
this type of fibrosis. 
In the present investigation it was noted that 
the fibrous tissue was loose, vascular often contain- 
ing compressed hepatic cords, and biliary canaliculi 
in its meshes. It is evident that the mechanism of 
the production of fibrosis is first the necrosis of 
parenchyma, its autolysis and removai.t hrough the lym- 
phatics as well as through the hepatic tree leading 
to a collapse of the sinusoidal bed. This collapse 
of the "skeleton of the old lobule" was noticed by 
IcDonald and Milne (1909) in their study on sub -acute 
liver atrophy. Later a gradual conversion of the 
collapsed sinusoids into collagenised connective 
tissue takes place. This change is brought about in 
the presence of lymph rich in protein content by 
the uninjured fibroblast or Kupffer cells which ac- 
cording to Nathan (190E) are the scurce of fibro- 
blasts in cirrhosis of the liver. The resulting band 
of loose fibrous tissue is augmented and widened 
when the adjacent regenerating parenchyma necroie in 
their turn with subsequent collapse of their sinu- 
soids. The annular fibrosis been around gran,; of the 
pseudolobulrti.ons is the result of compression of 
the collapsed.and eclerosed ret,icul Y, fibres by the 
regenerating parenchyma. It is now an accepted fact 
that there ie a pericapillary lymph space (Krough 
19e2). átar1ing's investigation on the formation of 
lymph in mammals showed that in the liver ana intes- 
tine the capillaries are so permeable normally to 
protein that effective osmatic pressure becomes less 
than the capillary blood pressure. In fact the pro- 
tein content of the lymph in the liver reaches very 
nearly that of inflammatory trap: udate . The scler- 
osis of the hepatic veins and their terminals tends 
to increase the intra- capillary blood pressure in the 
liver so that the production of lymph is greatly in- 
creased. In case No. III. it can be observed that 
the hepatic venous radicles show enormous thickening 
of the wall leading almost to obliteration of the 
lumen ana in the fibrous tissue can be seen nur.aerous 
dilated lymphatics. It is this increase in the quan7 
tity of lymph with a high protein content and mixed 
with products of autolysis of liver cells that form 
the subtrate which stimulates the production of in- 
terstitial collagenous fibrils. 
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The bile pseudo canaliculi. 
A marked proliferation of the canaliculi were 
observed in nine of the eleven cases studied. 
In case IX. the proliferation was slight and in case] 
X. it was absent. In these two cases 'tht type of 
fibrosis was more interstitial than annular or inter- 
lobular. The formation of bile pseudo canaliculi in 
cirrhosis and their genesis has always been a matter 
for controversy. These structures were first observed 
by Wagner in 1862. MacCallum and ;choppher held that 
these ducts grew from pre -existing interlobular bile 
ducts and took part in the regeneration of liver cells 
along with the spared liver cells. Tcis idea was sup- 
ported by Ideder, 3troebe and others who reported ob- 
serving the transition stages. Rolliston and McNee 
considered them as hepatic cords detached from the 
lobular periphery and compressed by fibrous bands. 
Craven Moore (1908) regarded them as a transitional 
type of liver cells. McDonald and Milne (1909) record 
that in their five cases of sub -acute liver atrophy 
there was no evidence of the bile ducts developinL into 
liver cells ; a finding which tallies with that of 
Cameron and Karunaratne (1936) . Miller and Rutherford 
(1923) Boyd (1939) and Mallory hold a similar view. 
Findlay (1900) is of opinion that these are the result 
of a reversion to the embryonic type of liver cell 
during the process of regeneration. 
In the cases under consideration the bile pseudo - 
canaliculi were observed in great profusion in those 
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cases where destruction of liver cells occurred en masse 
and were less in evidence where the destruction was 
localised to smaller groups of cells. In cases 
V. VI. Iii. and X. the cirrhosis was more inter - 
cellular in type than in the others, and the necro- 
sis affected smaller groups of cells and isolated 
hepatic cords. The proliferation of bile pseudo - 
canaliculi was less noticeable in case V. and in 
case X. it was not recognisable at all. ,`hen we 
consider the rich arterial supply of the bile ducts, 
and the canals of Hering (Cameron and Meyer) it is 
quite reconcilable with the finding that the bile 
ducts in the necrotic areas are not involved in the 
general destruction of the parenchyma, but persist 
and become apparent in the collapsed reticular 
framework when the necrotic debris is removed. The 
epithelium of the ducts are said to be more resis- 
tant to the action of injurious agents than liver 
cells. It must also be noted that actual sprout- 
ing of bile canaliculi fro:_: pre -existing duct epith- 
elium does take place to some extent in cirrhosis. 
It was observed that in areas of massive necrosis, 
for no apparent cause a few attenuated hepatic cords 
survivee, which later were still further compressed 
by the collapsed and sclerosed reticulum fibres so 
that ultimately they resembled very closely the bile - 
pseudo canaliculi. 
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Bile Stasis. The causation of bile stasis 
in these cases in the absence of either catarrh of 
the bile ducts or pericholangitic stenosis needs ex- 
plaining. Case II. showed periductal fibrosis and 
some inflammatory infiltration of the periductal re- 
gion, without any obvious occlusion of the lumen, or 
catarrh of the lining epithelium. In the other ten 
there was no sign of inflammation of the ducts or 
obliteration of the lumen, yet there was wide spread 
pigmentation of the liver cells and Kupffer cells 
with bile; and plugs of inspissated bile were observ- 
ed in all cases in the potential axial lumen of the 
hepatic cords. Althauaen T. L. (1531) in his study 
of a number of cases of toxic cirrhosis demonstrated 
clinically that in toxic cirrhosis there was normal 
carbohydrate metabolism as shown by dextrose toler- 
ance test, and at the same time marked retention of 
the dye in Rosebengal dye excretion teat. The 
latter test is based on the fact that there is selec- 
tive elimination of the dye via the bile channels 
when it is given intravenously. He assumed that as a 
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result of the lossAoriginal architecture of the liver 
in this disease the regenerated parenchyma lacked 
connection with bile channels. This accounted for 
the bile stasis and for the impaired excretion of the 
dye. Milne (1909) also records having observed in 
his cases that many of the biliary canaliculi communi- 
cated either with the interlobular bile duct or with 
regenerated hepatic cords. In many of the cases 
under discussion bile thrombi were observed in the 
bile pseudo canaliculi which evidently communicated 
with the hepatic cords; but r_ot with the duct. Jaun- 
dice was a constant clinical finding in all these 
cases. It was this feature in the histology of the 
cirrhosis of infants in India that earned it the mis- 
nomer of "Biliary cirrhosis" from pathologists notably 
Gibbons who examined these cases first. The pseudo - 
lobules were formed from hyperplastic,bile stained 
regenerated parenchyma. The normal trabecular ar- 
rangement of the lobule was lost, and there was ab- 
sence of central vein. Ñince the liver cells do not 
regenerate from bile duct epithelium it is not sur- 
prising that the outlet for bile from the regenerated 
cords is imperfect. Whether in course of time the 
bile canaliculi will succeed in establishing drain- 
age from the newly formed hepatic cords to the bile 
ducts is a question which requires investigation. 
Necrosis of the parenchyma. 
It was Mallory (1911) who first described 
toxic cirrhosis here necrosis of liver cells oc- 
curred around the hepatic vein, (central necrosis) as 
a result of the action of toxins in the circulation. 
Though he does not record any changes in the blood 
vessels yet the distribution of necrotic foci, and 
the type of fibrosis that follows in the cases under 
review bear much resemblance to that described by 
Mallory. These eleven cases present different stages 
in the evolution of cirrhosis and vary in the extent 
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of damage to the parenchyma. It will be seen that in 
the less chronic cases (cases VIII. and XI.) the 
damage is central in distribution while the cells 
around the portal tract are not affected at all. 
Where the cirrhosis is far advanced it is possible 
to infer with accuracy from the distribution of 
fibrous tissue around the hepatic venoustree, and the 
scarcity of the radicles of the hepatic vein that the 
degeneration had first affected the centre of the 
lobule leading to its collapse and obliteration of 
the central vein. As stated previously the sclerosis 
and endophlebitis of the hepatic veins are not primar- 
ily the cause of necrosis of the liver cells; but 
they interfere in the later stages with the free out - 
flow of blood from the liver. Under physiological 
conditions the liver which is well innervated by sym- 
pathetic and parasympathetic systems is able to con- 
trol its vascular supply to a remarkable extent. It 
is inferred that sclerosis of the hepatic vein up to 
a certain d egree does not interfere with the normal 
functions of the hepatic parenchyma; but beyond 
which the liver cells are not able to cope even with 
its normal functions, because of the permanent vascu- 
lar upset. This apparently is the irreversible cirr- 
hotic stage of Cameron and Karunartne, and the decom- 
pensated cirrhosis of Chapman, nell and Rountree, 
where the liver cells fail to regenerate and where 
massive necrosis of liver cells involving whole lob- 
ules occur. It is in these cases with marked fibrosis 
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that lobules of regenerated liver cells are observed 
to have undergone necrosis en masse. The additional 
factor which contributes to this degeneration of par - 
enchyma is the imperfect drainage of bile from the 
hepatic cords. Frank C. Man observed that dogs whose 
bile duct had been ligatured previously failed to show 
the same remarkable regeneration of liver tissue after 
lobectomy as that occurred in normal liver. He found 
that interference with circulation in the liver or 
the outflow of bile hindered regeneration to a greater 
extent than the mere presence of excess of fibrous 
tissue. In this type of toxic cirrhosis in infants it 
is the interference with the exit of blood from the 
liver by the sclerosed and stenosed hepatic veins 
and the imperfect drainage of the regenerated cells 
that add to the parenchymal damage in the later 
stages. 
The nature of the toxin and the mode of action. 
This has been studied in detail in the ex- 
perimental work on liver damage in the progeny; but 
it will not be out of place here to recapitulate some 
of the discussions and findings. It was mentioned 
before that in this group of cases the possibility of 
an infection in the liver or a syphilitic cirrhosis 
was excluded. Liver has a remarkable resistance to 
infection and the role played by the well developed 
system of reticulo- endothelial cells in combating in- 
fection cannot be over- estimated but the rich blood 
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supply which acts as a deterrent to infection is prof 
bably the very factor that makes the liver susceptible 
to toxins of various types. From the work of star - 
ling (1894) it is known that the capillaries of the 
liver and intestine are normally permeable to some 
proteins. subsequent work by Sabin and Band (1926) and 
by Stillwell (1926) show that the capillaries of the 
liver are normally much more permeable to dissolved 
substances of a colloid nature than those of other 
organs. This permeability of the endothelium of the 
sinusoids to molecules of greater dimension and the 
comparatively sluggish circulation in the liver are 
factors that place the liver more vulnerable to toxins 
in circulation than any other 
Liver possesses a detoxicating action on injurious 
agents and it is also the clearing house for products 
of absorption in the intestine. Since the capillaries 
of the intestine are equally permeable to substances 
of a colloid nature it is probable that the toxin is 
an agent absorbed in alimentary canal. The danger of 
naturally occurring toxins being absorbed through the 
intestine and damaging the liver must not be overlooked. 
Toxic cirrhosis of the liver due to ingestion of cin- 
chophen, (Jeir and Comfort) and Henry H. Kramer)hydro -i 
cin (Ingham) Senecionine (Davidson J.) and Copper 
(Mallory F.B.) have been reported. It is interesting 
to note that wheat grown in certain soil containing 
selenium absorbed enough of the element to produce 
pathological changes in the liver of the live stock 
fed on it (Kurt '1. Franke 1934) . 
Recent work by Gyorgye and Goldblatt and by 
Arnold R. Rich and John D. Hamilton show that a well 
balanced diet lacking only in a special type of pro - 
tein will produce necrosis of the parenchymal cells 
and cirrhosis in the livers of rats and rabbits. The 
active principle or principles that were lacking in 
this diet and which when present protected the liver 
against chloroform and carbon -tetra -chloride were iden- 
tified by the work of Forbes) Neale and Shearer (1936) 
Forbes and McConnell (1937)) Forbes (1938) Neale and 
-.`'linter (1938) and Fritzbargh (1939). They were found 
to be of the nature of purine bases) the most impor- 
tant of which was prepared from liver and later identi- 
fied as xanthine. From the present study of "infantile 
biliary cirrhosis" of India in relation to its distri- 
bution and dietetic habits of the mothers it was found 
that the diet of the people in those areas where the 
disease occurred consisted chiefly of polished rice and 
some vegetables and lacked in nucleic acid and pro- 
teins. Most of them -abstained from taking meat and the 
six cases of infantile cirrhosis from India included 
in the present study are from families of vegetarians.,, 
It is safe to conclude that two factors are 
involved in the production of necrosis of the parenchy- 
mal cells of the liver and the evolution of cirrhosis. 
One is the protective factor in the diet in the absence 
of which a second factor, the toxin probably absorbed 
from the intestine causes degenerative changes and 
necrosis of the liver cells. The protective factor in 
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the diet is a purine base. The nature of the second 
factor the toxin is not yet known. From the experi- 
ments of Gyorgye and Goldblatt) and of Rich and 
Hamilton it iä assumed that it is a toxin normally 
absorbed from the intestinal tract and detoxicated in 
the liver in the presence of the protective factor. 
In the absence of this protective factor necrosis and 
later cirrhosis results. 
Five of the eleven cases in this series showed a 
definite familial tendency. Experiments on placental 
permeability prove that a cirrhogenic toxin can pass 
through the placental barrier and injure the liver of 
the foetus. It also passes through the mammary se- 
cretion and causes necrosis of the liver of the suck- 
lings in the absence of the protective factor in the 
diet of the mother. A certain minimum amount of tMi 
protective factor must be present in the mother's di 
to safeguard the liver of the suckling against a kno 
cirrhogenic toxin administered to the mother. 
It is possible that in these cases of infantile 
cirrhosis of the liver, especially in those with a 
familial tendency the etiological factors are either 
an absence of the protective factor in the form of 
nucleic acid and purine bases in the diet of the 
mother, or a faulty digestion and failure of absorp- 
tion of these substances in the mother or infant or 




C C Y C L U S I C N. 
Cases of cirrhosis of the liver resembling in 
histopathology "infantile biliary cirrhosis of India' 
occurs occasionally among infants of Edinburgh. The 
cirrhosis is classified as a toxic cirrhosis. 
S U M M A R Y . 
A study of the histopathology of 6 cases of infan -, 
tile biliary cirrhosis of India, 9 cases of cirrhosi 
of unknown etiology from the Royal Hospital for sick 
Children Edinburgh and one case of cirrhosis due to 
congenital obliteration of the bile duct from the same 
hospital has resulted in the following findings. 
(1) Five of the cases from Edinburgh show histologic _r 
features similar to that found in the six cases of in- 
fantile cirrhosis from India. 
(2) Endophlebitis with sclerosis and thickening of the 
hepatic venous tree was the cutàtanding characteristic 
of all the eleven cases, and inflammatory cell infil- 
tration of the radicles of the hepatic veins was marked 
in nine of these. 
(3) The cirrhosis is classified as a toxic cirrhosis 
from the histological study. 
The etiology of toxic cirrhosis is discussed. 
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